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ABSTRACT

%, This study briefly recounts the origins of the current four

categories or levels of maintenance effort (organizational, direct

support, general support, and depot maintenance), and analyzes the

background for current allocations of maintenance tasks. ¶Ieams of

field-experienced maintenance personnel performed Level Of Repair

Analyses on 50 Army maintenance-significant end items, and made

necessary corrections in their M1aintenance Allocation Charts. The

cost/operational effectiveness of these corrected allocations was

verified in comparison with the uncorrected allocations in a

contractor-developed compuzter simulation which incorporated a

- comat scenario. The study concludes that some specific

clari~fications and minor policy changes in Army regulations and

technical manuals are required.
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SUMM4ARY

1. B•CKGRXM. When the US Army Combat Developments Command

Maintenance Agency was disestablished in 1973, proponsncy for five

maintenance studies was transferred to the US Army Ordnance Center

and School. One of these studies evolved into "Maintenance Support

Structure for Contingency Forces," a carrier program under which

nine substudies were arrayed. This is one of those nine

substud ies.

2. PURPOSE. 7b examine the current categories of maintenance to

determine if new commodity-oriented categories are necessary for

operators and managers, at all levels in the field, to plan,

organize, and execute their maintenance functions.

3. DnT40DUCTION.

a. History. Since before World War II, maintenance

categories (formerly called echelons) have existed as reference

terms describing a structure of different levels at which

responsibilities for maintenance tasks are allocated (assigned for

performance).

b. Four categories are in current use: organizational, direct

support, general support, and depot maintenance. Both maintenance

complexity and the numbers of man-hours involved in repairs

generally increase as one progresses fran organizational, through

direct support and general support, to depot maintenance. The

purpose of this categorization is to relate maintenance to other

militaty operations, to facilitate assigrment of responsibility for

X



specifin maintenance tasks for specific materiel to specific levels

of command, and to permit an orderly and efficient distribution of

maintenance assets. ll-25/

c. The maintenance concept for a given commodity grouping of

materiel specifies which, if not all, of the four maintenance

categories will be utilized in the maintenance support of that

commodity. 1,2- 3/ For example, the maintenance concept for small

arms uses only three categories: organizational, direct support,

and depot maintenance. Appendixes B through I of AR 750-1 describe

the maintenance concepts and typical maintenance tasks for

commodity groupings which encompass the majority of Army materiel.

Thus it can be seen that the Army's current maintenance system

already includes commodity-or iented maintenance concepts.

d. Maintenance allocations direct that specific maintenance

tasks pertaining to a specific end item will be performed at

specific maintenance categories. Consequently, a maintenance

alloc&i'ion takes precedence over a maintenancq concept when they

differ.

e. In the past few decades, the number and names of

maintenance categories have changed, but these changes in

categories have had little effect on Army maintenance in the field

because maintenance allocations changed very little during the same

period. 1Le study team therefore focused its attention on the

maintenance allocation process and on the product of that process,

Maintenance Allocation Charts (MAC). An individual MAC applies

xi
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only to an individual model oc family of similar end items of

materiel, and usually is found as an appendix in the Organizational

Maintenance Technical Manual for the end item.

f. Technical Manual 38-715-1, provisioning Techniques,

provides the most specific allocation policy, stating that the

maintenance operations for each assembly will be assigned to the

farthest forward category of maintenance capable of performing the

task.3 ' 9 3

g. Development of the MAC, or assuring the adequacy of a

contractor-developed MAC, is the responsibility of the maintenance

engineering activity 1,2-71/ which is an organizational element of

the National Maintenance Point (NMP), a part of each Commodity

Cofmmand within the LS Army Materiel Development and Readiness

Command (DAICOM).

h. Most MACs are developed originally by contractors, as a

part of their responsibilities in connection with their development

of a new end item for the Army. Although the new end item must

have its own MAC, in most instances the new item is replacing a

similar item. Given this situation, it has often seemed logical

and desirable to the contractor that the new item should have its

maintenance tasks allocated in a manner similar (in terms of

maintenance categories) to the MAC of its predeceseor.

Unfortunately, where allocation errors have existed in the earlier

MAC, this situation has often resulted in the perpetuation of thoseI errors. The fact that this condition has developed is not

xii

I-N



sufficient cause to condemn current maintenance allocations. It

simply sets the stage for a more careful examination of this facet

of the Army maintenance system.

4. DISCLSSION.

a. T'he study team discovered a surprisingly large number of

persons who were unaware of the fact that MAC charts are the

primary authorities governing maintenance responsibilities at all

categories of maintenance. The team beck,,me convinced that the

absence of any explicit reference, in AR 750-1, to this fundamental

policy has led to misunderstandings and confusion on the part of

many who are not intimately acquainted with the Army maintenance

system.

b. The. study teaiD alco found, in many maintenance engineering

activities of DARCCM Commodity Commands, a lack of awareness of the

specific maintenance allocation policy in 'IM 38-715-1. On the

basis of this finding, the team reasoned that there was a strong

probability that many end item contractors had been unaware of this

policy while they were developing many of the MAC charts irk current

use. It therefore seemed probable that many existing MAC charts

contain allocation errors, and that a significant proportion of

existing maintenance tasks might not have been allocated to the

farthest forward category capable of performing the task. The team

"recognized that, if this situatiou proved to be true, correction of

the allocation errors would have a favorable impact on materiel

operational availability rates.
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c. Accordingly, the approach to the problem was to subject

each MAC chart for a selected sample of end items to an objective

level of Fepair Analysis (LORA) by Army personnel who had extensive

hands-on experience in maintaininy the items in a military

environment. Field experience of this sort has seldom been

consulted when maintenance allocation charts were being developed.

Therefore, the study team concluded that the objective LORA

approach, if well structured, would provide MAC chart corrections

which could then be evaluated as to their effect on equipment

operational availability rates.

5. ALTERNATIVES. The number of ways in which maintenance

allocations might be corrected is essentially infinite. There are

roughly 5,000 end items in the current inventory q/, most

maintenance allocation charts contain many tasks, and there are

usually four or more possible allocations for each task. For these

reasons, the study team chose alternatives which are expressed in

terms of general trends:

(a) Retain the status quo.

(b) Allocato a significant proportion of Army maintenance

tasKs to categories farther to the rear than at present.

(c) Allocate a significant proportion of Army maintenance

tasks to categories farther forward than et present.

6. METODOLOGY.

a. Since it was not possible to analyze all of the

approximately 5000 end items in the current inventory, the study

xiv

i~ I



team addressed a selected sample of 50 end items. The maintenance

allocation: for these maintenance-significant items were analyzed

by Level of Repeir Analysis (LORA) teams, which were teams of

experienced maintenance personnel of the proponent TRADXC schools.

These personnel (usually non-comnissioned and warrant officers)

were without exception highly qualified and accustomed to thinking

in terms of the field envirorment. Each LORA consisted

fundamentally of an objective evaluation of the maintenancc task

allocations in a MAC. Each task allocation was challenged in terms

of whether or not it was correctly allocated. The maintenance

skills, tools and test equipment involved in the tasks were the

major considerations. When an incorrect allocation wis found, it

was identified, together with the correct maintenance category to

which it should be allocated. The methodology employed in the LORA

is described in detail in Appendix E. With few exceptions, the

final product of each LORA was a listing of maintenance allocation

chart corrections for that end item. The lists are at Appendix H,

and are summarized in Chapter 2. The summary statistics clearly

reflected a trend toward allocation of a significant proportion of

'i Smaintenance '-asks to categories farther forwar,'.

b. The Cost - Operational Effectiveness Analysis (0OEM) and

Scenario-oriented Recurring Evaluation System (SCORES) for this

study were integrated by a contractor into a single computer

simulation model. A detailed discussion of the simulation model

xv
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and the C)EA methodology is at Appendix I. Further details

pertaining to SCORES evaluation are at Appendix G.

7. LEVEL OF REPAIR ANALYSES (LORA).

a. General. The corrections in maintenance allocations made

by the WDRA teams were too numerous to deal with individually.

Consequently, to facilitate identification of any trends, the

correction statistics were &rrayed by commodity groupings -

primarily the commodity groupings shown in the appendixes to AR

750-1. Arrayed in this way, the correction statistics not only

revealed a trend, but also tended to highlight characteristic

differences in the maintenance allocations developed by different

DAIROM Coinmodity Ccir~mnds. Item descriptions and allocation

corrections )r summary discussiorn~s for all of the end items in the

sample are located at Appendix H.

b. Summary of IDRA results.

(1). Following is a compilation, for the entire sample, of the

total numbers of ma 4ntenance tasks which were moVed forward:

TASKS M)VED FORWARD

DS to Org 585

GS to Org 25

GS to US 227

Depot to Org 11

Depot to E ill

Depot to GS 256

xvi
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The total nunbers of maintenance tasks moved rearward are shown

below:

TASKS MDVED RFARWRD

Org to DS 21

DS to GS 26

DS to Depot 2

Following are the totals of the allocations of those inaintenance

tasks which were found to be both unassigned in the cur.ent MACs,

and important enough to justify allocation to a specific category.

NON AL(CATION

Org 115

ES 126

•,GS 50

Depot 5-

A review of these results reveals a clearly evident trend which

"indicates that a significant proportion of maintenance tasks can

and should be performed at categories farther forward than those to

which they are currently allocated.

8. COEA-.SORES ANALYSIS.

a. Selection of acceptable alternatives. At the conclusion of

the LORAs, Alternative 2 (see page xiv) became clearly recognizable

as inconsistent not only with the trends established by the EDRAs,

"but also with the philosophy of the !.w vM4 i10-5 4,127/

Consequently, Alternative 2 was dropped from further consideration,

and the COEA was structured to assess the relative worths ot

xvii



Alternatives 1 and 3. Alternative 1 was taken as the baseline

case, and Alternative 3 was compared with it. The COEA-SCORES

analysis is described in Appendix I.

b. Results. The measure of effectiveness results of the COEA

indicated that equipment operational availability (OA) rates

increase as a result of implementing Alternative 3. The greatest

enhancement in OA rates was observed on the self-propelled howitzer

(+9%) and on the tank (+6%). Both of these items are characterized

by relatively low mean time between failures, and, of course, by

their importance to the tactical commander. Other model results

indicated that no significant backlogs developed as a result of the

increased workload at the organizational level.

9. FINDINGS.

a. During the course of the study, the study team discovered a

surprising lack of understanding of the fundamental fact that MAC

charts are the primary authorities governing maintenance

responsibilities at all categories of maintenance. AR 750-1 fails

to state this fundamental policy explicitly, and this omission

appears to be a major contributor to the miou-derstandings and

confusion which are so frequently encountered, particularly among

those who are not intimately acquainted with the maintenance

system.

b. The results of the LDRAs showed clearly that the

maintenance task allocation policy contained in TM 38-715-1

frequently has not been followed during thc preparation of MAC

xviii



charts. The efforts of the LERA teams sowed that MAC chart

corre-tions made by applying the TM 38-715-1 policy caused

significant proportions of maintenance tasks to be moved farther

forward. The COEA-SCORES analysis, in turn, showed that these

corrections cost-effectively enhanced operational availability

rates for materiel on the simuJ.ate& battlefield.

c. Toward the completion of the LDRAs, the study team

investigated various ways of makirng it possible for the Army to

take advantage of such LDOh-based MAC chart corrections on a

routine and continuing basis. The team discovered an existing

mechanism called postprovisioning reviews, outlined in AR 700-18.

The present policy governing these reviews will, require

modification to enable such reviews to take advantage of lessons

learned from the study's LORAs, and to accomplish similar

reductions in errors in, and improve the effectiveness of, future

MAC charts.

• 10. CONLUSIOr:s.

a. Confusion and misunderstanding would be reduced if the

4 maintenance concepts in AR 750-1 were to state explicitly that MAC

d, charts are the primary authorities governing maintenance

responsibilities at all categories of maintenance.

b. Operational availability rates would be enhanced if the

allocation policy in TM 38-715-1 were complied with during initial

preparation of MAC charts, and if MAC charts corrected throughI compliance with this policy were to supersede current charts.

xiX
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c. Future MAC charts would be improved if AR 700-18 were to

make postprovisioning reviews mandatory (with LORA input from the

TRADOC schools which train repairmen), and if DA Forms 2028

pertaining to the MAC charts were to be directed to those TRADOC

schools.

11. ,4COMNDTIONS.

a. That the maintenance concepts in AR 750-1 be revised to

state explicitly that MAC charts are the primary authorities

governing maintenance responsibilities at all categories of

mAaintenance.

t,. That AR 750-1 be revised to cite the allocation policy in

TM 38-715-1 as the primary reference fcr allocaticn of maintenance

tasks, and that MAC charts corrected in compliance with this policy

supersede current charts.

c. That AR 700-18 be revised to make postprovisioning reviews

mandatory at 18 months and 36 months after dcployment of a new end

item, with IORA input from the TRADOC school which trains support

maintenance personnel for the item in question, and that technical

manuals containing MAC charts be revised so that DA Forms 2028

which pertain to their MAC charts will be directed to those TRADOC

schools.

xx
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CHAPTER 1

INTRODUCTION

1-1. PROBLEM. 7b examine the current catr'gories of maintenance to

determine if new commodity-oriented categories are necessary for

operators and managers, at all levels in the field, to plan,

organize, and execute their maintenance functions.

1-2. BAC1GROUND.

a. The STEADFAST reorganization of the Department of the Army

in 1973 directed the disestablishment of the US Army Combat

Developnents Commiand Maintenance Agency. Consequently, a part of

its mission was transferred to the US Army Ordnance Center and

School, including the proponency for five maintenance studies. One

of these was entitled "Maintenance Support Structure for

* Contingency Forces". Its study directive and associated

correspondence are at Appendix A. A review of this study directive

precipitated an intensive analysis of US Army retail maintenance.

Its findings led to the conclusion that within the retail

maintenance system there were several areas to be investigated,

each of which deserved separate, individual study. Consequently,

"Maintenance Support Otructure for Contingency Forces" was

established as a carrier program, and the specific areas of

investigation which had bken identified were arrayed as substudies

of the carrier. -M.5 arrangement had the advantage of keepinq the

individual substudies manageable, while helping to foster

•i continuity and compatibility between them. This
Si1-I



particular substudy, "Maintenance Categories", was derived from the

original study directive and is one of nine substudies identified

at the outset of the program.

b. A rev4ew of maintenance system history (See Appendix C)

reveals that since before World War II, maint ince categories

(form-lly called echelons) have existed as reference terms

describing a structure of different levels to which

responsibilities for maintenance tasks are allocated (assigned for

performance). The purpose of this categorization is to relate

maintenance to other military operations, to facilitate assignment

of responsibility for specific maintenance taskq for specific

materiel to specific levels of command, and to permit an orderly

and efficient distribution of maintenance assets.i,-- 2 5/

c. Four categories are in current use: organizational, direct

support, general support, and depot maintenance. _,1-25/ A brief,

simplified description of each category follows:

(1) Orqanizational Maintenance encaiipasses the maintenance

responsibilities of the using unit commander. These

responsibilities include preventive maintenance services and those

repairs which maintenance allocation charts assign to the using

unit.

(2) Direct Support Maintenance is usually performed by

separate TrOE maintenance units in direct support of using units.

Repairs assigned to such units by Maintenance Allocation Charts

(MAC) are performed on a repair-and-return-to-user basis.

1-2
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(3) General Support Maintenance is performed by separate

IME maintenance units in support of lower category maintenance.

Repairs assigned to such units by MAC charts are usually performed

on a repair-and-return-to-supply-system basis. A general support

maintenance unit may be required to provide temporary

return-to-user support when a supported direct support maintenance

unit is overloaded.

(4) Depot Maintenance encompasses the most extensive repairs

assigned by MAC charts, and its output normally augments depot

stocks of serviceable materiel. It also supports the farther

forward categories, taking advantage of its more extensive shop

facilities and equipment, and its personnel, who possess more

specialized technical skills.

d. In the past few decades, the nurmber and names of

maintenance categories have changed, but allocations of maintenance

tasks have remained essentially unchanged. The answer to the basic

question, "Who repairs what?", can easily remain the same while

maintenance categories are restructured and/or renamed.

Recognition of this relationship caused the study team ultimately

to focus its attention on the maintenance allocation process and on

the product of that process, Maintenance Allocation Charts.

However, confusion early in the study (including in the wording of

the study's Problem statement) with regard to the relationship

between maintenance categories and maintenance concepts makes it

appropriate first to review the nature of maintenance concepts.

1-3
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e. The maintenance concept for a given commodity grouping of

materiel specifies which, if not all, of the four maintenance

categories will be utilized in the maintenance support of that

cornodity. 1,2-3/ For example, the maintenance concept for

small arms uses only three categories: organizational, direct

support, and depot maintenance. Appendixes B through I of AR 750-1

describe the maintenance concepts and typical maintenance tasks for

commodity groupings which encampass the majority of Army materiel.

Elsewhere in the same rcxgulation 1,2-3& 2-1i/ developers of new

materiel are required to consider "tailoring" the basic (four

category) maintenance concept to best conform to the maintenance

requirements of each new item. Thus it can be seen that the Army's

current maintenance system already includes commodity-oriented (and

even some individual-end-item-oriented) maintenance concepts. The

maintenance concepts described in Appendixes to AR 750-1 are useful

in that they provide broad, generalized descriptions of typical

maintenance tasks performed by personnel at the various category

level,, but the primary determination of "who repairs what" is made

in maintenance allocations, which direct that specific maintenance

tasks pertaining to a specific end item will be performed at

specific maintenance categories. Consequently, a maintenance

allocation takes precedence over a maintenance concept when there

is a difference between them.

f. Maintenance allocations are disseminated to the field, in

technical manuals (TM), in the form of Maintenance Allocation

1-4



Charts (MAC). A MAC, which applies only to an individual model or

family of similar end items of materiel, usually is found as an

appendix in the Organizational Maintenance Technical Manual

(-10, -12, or -20 TM) for the end item. It is intended to be a

ready reference for all maintenance personnel, but particularly for

organizational maintenance personnel because they usually make the

earliest diagnosis as to which specific maintenance task must be

accomplished in order to correct a failure.

g. The influence of a MAC, once it is developed, is

far-ranging and difficult to assess completely. However, certain

impDrtant effects are easily recognizable. Once a maintenance task

is allocated to a specific category, the types of

organizations/units authorized to perform that task are immediately

identifiable. From these, one can also identify the MOSs of the

personnel in those units, their tools and test equipment, and the

repair parts which they must be able to obtain.

h. Figure 1 is a portion of the MAC for the Tank, Combat, FT,

105amn Gun, M60 and M60Al, found in IN 9-2350-215-20. As can be

seen, it is quite specific. Once a failure has been diagnosed, the

required maintenance action can easily '-e determined, and the

maintenance element responsible foc that maintenance action becomes

readily apparent. This particular technical manual was prepered in

1965 and is in the format prescribed at that time.

i. Figure 2 is considerably more recent. It is a portion of

"the MAC for the Carrier, Personnel, FT, Armored, MII3AI and the

1-5
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STM 9-2350-215-20 Appendix II

Maintenance Allocation Chart - Continued

COMPONENT AND CAT EREMRY
GROUP NO. RELATED OPERATIONS ORGANIZAT NL DS GS D g EAK

SIGHTING AND FL•.E
CONTROL

(OPTICAL ITEMS) -
Continued

Replace ........... .X
Repair .------.-- X
Overhaul---------- X

2324 PERICOPE M32 (IR) wGuner'a

Service ----------- X
AdjuAt .............- X
Inspect -------------- X
Replace----------- X
Repair------ -.-.-.
Overhaul ........... X

HEAD ASSEMBLY

Servlc'e ----------- - X
Inspect ---------------
Replace ............ X

POWER PACK AND
IMAGE CONVERTER
TUBE

Service -- -----.----
Inspect ------. - ---
Replace ---------- -- x

2326 PERISCOPE M34 Corn-
"(VISIBLE) wander's

Service ........... . X
Adjust ----------- x
"Inspect ----------- X
Replace .............
Repair ........... .X
Overhaul ..........

HEIAD ASSEMBLY

"SInspect----------- X
Servict --------- ----- X
Replace .............

Figure 1. Page from MAC for M60A1 Tank. B-31

1-6
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C 4, TM 9-.e3GO.257.2O MAINTENANCE ALLOCATION CHART

UMiPONv4TASENEY KAMAfUANCZ FUNCTIWE TOOLS REMAKU
NOMMNL~n=AND

GROUP 13 SUSPENSION
1301 ANCHOR torsion bar .. 0.

IIAR. torsion .. .... .. 0 85 through
((8, Tabl

3.1.

CYLIND)R, a Yrspension lock-
out (N1741 only). 0 F

TUBES, HOSES, AND FIT
TINGS, suspension
lockout (M741 only).

1303 A\IDJUSTER, track tension C 0 F
,%J1M. idler wheel ) F
BEARINGS, SEAL, AND

HUBS. idler shea. 0 0 89 and 90,
Table B.-1

SPIN¶)LE, idler wheel arm 0
%'IIEEL, idler C 0

1304 -USHION, dove sprocket
carrier. 0

iPROCKET, drive 0 91, Table
1304 VIIEEL, sprocket 0 B-1
V'05 ?RACK, drive ... C 0 0 87, 88, 92, Repair at "C"

I'RACK SHOE 0 D D D and 93, by replacing
Table 13.1 individual

shoes Inot
sections).

1311 ARM, BEARINGS, HUBS,
AND SEALS, road
wh. 0 83, 89, and

90, Tabk
B-I

BUMPER AND BRACKET,
road wheel arm. 0

ROAD WHEEL 0 D D D 94 and 96
Table B.

GROUP 14 STEERING

1403 BRAKE ASSEMBLY, pivot 0 0 F 96, Tabh
B-1

CONTROLS AND L;NKAGE,
differential. 0 0

CONTROLS AND LINKAGE,
pivu; brake. 0 0

DISK. pivot brake 0
LINING. pivot brake 0.
LANES. HOSCS. AND FIT-

tings. pivot brake. 0
MASTER CYLINDER, pivot

, brake. 0 F

Figure 2. Page from MAC for MIlCAI Armored Personnel Carrier.
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family of vehicles utilizing the same chassis. The codes utilized

in this are:

C - Crew

0 - Organizational

F - Direct Support

H - General Support

D - Depot

This MAC is also quite detailed, with a separate column for each

possible maintenance function pertaining to a particular component,

assembly, subassembly or piece-part which requires maintenance

apart from the parent component. In a comparison of these two

MACs, the second can be seen to have the potential of providing

more information because of its format.

j. The third example of a MAC, Figure 3, pertains to the

Central Office, Telephone, Manual AN/TIC-29, (in TM 11-5805-582-15

dated August 1971). Tbis particular chart does not deal with

components or subassemblies of the major item. The multiple

category symbols in some of the columns, and some of the entries in

the Remarks colum suggest that there are in fact separable

components or assemblies of the system, but these are not

identified in the chart and therefore the usefulness of this

particular chart is limited. Three other aspects which further

limit its usefulness should also be noted. First, responsibility

for replacement is not allocated at all. Second, the

frequently-referenced tool "6" is described elsewhere only as
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"tools and test equipment associated with the components of this

item". Third, the MAC for this item refers the reader to the MACs

in four other TMs for allocations not made in this chart. The

reader who can manage to locate thewe four second-level manuals

will discover that two of them refer him once again - this time to

a third level of manuals. The study team, familiar with the

usually incomplete IM libraries in field units, did not pursue this

exercise beyond the level indicated because it is improbable that

maintenance personnel in the field would be able to progress even

to that depth.

k. Current policies pertaining to allocation of maintenance

tasks appear in more than one location. Technical Manual 38-715-1,

Provisioning Techniques, provides the most specific policy,

stating that the maintenance operations for each assembly will be

assigned to the farthest forward category of maintenance capable of

performing the task. ?,93/ AR 750-21, DAk Equipment Maintenance

Management Program, (which implements DOD Directive 4151.16, 30

August 1972) differs from this only slightly, stating that

maintenance will be performed at the point that insures readiness

without impairing the aelf-sufficiency and continuity of the using

unit's mission. 5,3/

1. Development of the MAC, or assuring the adequacy of a

contractor-developed MAC, is the responsiblility of the maintenance

engineering activity !'210/ which is an organizational element of

the National Maintenance Point (NMP), a part of each Commodity

1-10
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Command within the US Army Materiel Development and aeadiness

Command (DARCOM). A MAC is prepared during the maintenance support

planning phase of the development cycle which must be accomplished

for each supportable end item and weapon system, including

off-the-shelf and leased equipment.

m. Most MACs are developed originally by contractors, as a

part of their responsibilities in connection with their development

of a new end item fur the Army. Although the new end item must

have its own MAC, in most instances the new item is replacing a

similar item. Given this situation, it has often seemed logical

and desirable to the contractor that the new item should have its

maintenance tasks allocated in a manner similar (in terms of

"maincenance categories) to the MAC of its predecessor.

Unfortunately, where allocation errors have existed in the earlier

MAC, this situation has often resulted in the perpetuation of those

errors. The fact that this condition has developed is not

sufficient cause to condemn current maintenance

allocations. It simply sets the stage for a more careful

examination of this facet of the Army maintenance system.

1-3. ASSUMPTIONS.

a. The current austere fiscal environment will c)ntinue and

may become even more severe.

b. US Army contingency forces will be required to respond to

any crisis world-wide and to sustain themselves for the duration of

the crisis regardless of the environment. During such a crisis,
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the availability of repair parts in the field, and the skills,

shortages and MO mismatches of maintenance personnel assigned to

Army iOm units will be approximately the same as they were during

FY66 in South Vietnam.

1-4. LIMITATIONS.

a. This study considered active US Army forces only.

b. COWrS TDA maintenance activities were excluded.

c. Maintenance support provided other services and allies was

excluded.

d, The aircraft, rail and marine, missile, medical,

cryptographic, Army Security Agency, and nuclear commodities of

materiel were excluded.

1-12
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CHAPTER 2

DISCUSS ION/ANALYS IS

2-1. APPROACH TO THE PROBLEM.

a. The Background portion of the previous chapter described

the considerations which led the study team to focus its attention

on the maintenance allocation process and on Maintenance Allocation

Charts (MAC). During the course of the study, team members briefed

many visitors to the WS Army Ordnance Center and School, and

discussed various elements of the study with personnel at other

logistics-oriented activities during dozens of TDY trips and

countless telephone conversations. Two rather puzzling gaps in

general knowledge emerged from these extensive contacts.

(1) First, the team discovered a surprisingly large number of

persons who were unaware of the fact that MAC charts are the

primary authorities governing maintenance responsibilities at all

categories of maintenance. When asked to identify what maintenance

tasks were to be accomplished by maintenance units at the various

maintenance categories, many would refer to the maintenance

concepts in the appendixes of AR 750-1, and to the examples of

typical tasks listed there. On close examination, the team was

surprised to finW that the majority of these AR 750-1 maintenance

concepts do not even mention this fundamental MAC authority, and

the few references made are to types of maintenance tasks or

functions. As the study progressed and additional examples of

misunderstanding were encountered, the study team became
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increasingly convinced that the absence of any explicit reference,

in AR 750-1, to this fundamental policy has led to

misunderstandings and confusion on the part of many who are not

intlimately acquainted with '.he Army maintenance system.

(2) Second, the study team found, in many maintenance

eregineering activities in the IWACt4 Coromdity Coimands, a lack of

awareness of the specific maintenance allocation policy in TI?'

38-715-1, which states that each maintenance task will be allocated

to the farthest forward category of maintenance capable of

performing the task. L-9-3/ On the basis of this finding, the team

reasoned that there was a strong probability that many end item

contractors had been unaware of this policy while they were

developing many of the MAC charts in current use. It therefore

seemed probable that many existing MAC charts contain allocation

errors, and that a significant. proportion of existing maintenance

tasks might not have been allocated to the farthest forward

category capable of performing the task. Thie team recognized that,

if this situation proved to be true, correction of the allocation

errors would have a favorable impact on materiel operational

availability rates.

b. 'The maintenance allocation decision which has the greatest

impact on operational availability rates for materiel is the

decision which results from the choice between allocatirlg to the

organizational maintenance category or allocating to the direct

support maintenance category. The extensive differences in impact
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between these two allocations can perhaps be seen most clearly by

the using unit commander. When he is faced with an equipmient

failure, the pertinent maintenance allocation (as reflected in the

MAC) may or may not authorize his own unit to make the needed

repair. If it does, the arrangement is definitely to his

* advantage, since normally his unit can return the item to service

in a relatively short period of time, and meanwhile he is in a

position to influence the repair action through his establishment

of priorities and responsibilities. If, on the other hand, the MAC

does not authorize the needed repair to be performed at the

organizational category, the commander must rely on another unit

for assistance. This time he has no recourse but to relinquish

control of the item and to pass that control on to his direct

support maintenance unit (DSLJ). Usually this entails physically

moving the failed item to a Dtir. work area, although often there are

circum~stances when (after at least a short delay) the DSU may send

a maintenance support team to where the failed item is located. In

any event, the time required for a DSU repair is generally greater,

not only because of the increased complexity of the maintenance

task to be performed, but also because this particular task must

compete with others for the finite amount of support which the DSU

is capable of providing. Furthermore, in this situation the using

uniit comnander has lost his ability to directly influence any

aspect of the repair action. The total time period that isI involved in nS maintenance cannot be specified exactly, but an
2-3



expected range would be from a few hours to a few days. Waitingc

for the arrival of nec(!ssary repair parts can extendi this time

drastically.

c. Accordingly, the approach to the problemn was to subject

each MAC chart for a selected sample of endl items to an objective

Level of Repair Analysis (LORA) by Army personnel who had extensive

hands-on experience in maintaining the items in a military

environment. Field experience of this sort has Laldom been

consulted when maintenance allocation charts were being developed.

¶Iterefore, the study tean concluded that the LORA approach, if well

structured, would provide MAC chart corrections which could then be

evaluated as to their effect on equipment operational availability

rates.

2-2. ALTERNATIVES.

a. General. Ithe numrber of ways in which maintenance

allocations might be corrected is essentially infinite. There are

roughly 5,000 end items in the current inventory Y, most

maintenance allocation charts contain many tasks , and there are

usually four or imore possible allocations for each task. For these

reasons, the study teami chose alternatives which are expressed in

terms of general trends. It was anticipated that, although the

preferable trend would probably become apparent by the time the

LORAs were completed, it would be necessary to await the results of

the COEh-SCORES analysis before the desirability of that trend

could be confirmed.
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b. In view of the above, the following trend-type alternatives

were selected:

(1) Retain the status qu,.

(2) Allocate a significant proportion of Army maintenance

tasks to categories farther to the rear than at present.

(3) Allocate a significant proportion of Army maintenance

tasks to categories farther forward than at present.

2-3. SI=DY METHODOIXGY.

a. End Item Sample. Since there are about 5000 different end

ters in the current inventory,!/ it was immediately apparent that

a review of all MACs was not feasible. The study team, therefore,

searched for a manageable sample of about 50 end items which would

be representative of the commodities within the scope of the study.

The sample selected can be described as a& adaptation of a list

utilized by the US Army Maintenance Management Center (USAMMC) for

intensive review and continuous monitoring.6,11/ USAMMC selected

the erA items on its list primarily for their maintenance

significance and mission essentiality. The study team's

adaptations of the USAMMC list consisted of deletion of a few

duplicative items and U. addition of such items as office

machines, the protective mask, a laundry unit, a bakery plant, and

several fire control instruments. Appendix D discusses the

development of the sample in greater detail, and lists the end

items which were analyzed during the course of the study.
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b. Level of Repair Analysis (DORA).

(1) A Level of Repair Analysis (LORA) is fundamentally an

objective evaluation of the task al. cations in a Maintenance

Allocation Chart (MAC). LORAs of the end items in the sample

constituted a major part of the study effort. These analyses

brought together the following elements:

(a) Maintenance expertise and experience

(b) Doctrinal references

(c) Disciplined approach

(d) Technical publications (maintenance and parts manuals)

(e) Actual examples of end items

(2) The maintenance expertise utilized in the LORAs consisted

of teams of maintenance instructors and supervisory personnel at

the proponent TRADOC schools. These personnel were

generally non-commissioned and warrant officers. The team members

were without exception highly qualified, collectively experienced

in all categories of maintenance, and accustomed to thinking in

terms of the field environment. The analyses

usually took place in instructional facilities where training-aid

end items could be used for hands-on examinations. Mien a LORA

team was assembled, it was equipped with applicable technical

manuals. A member of the study team briefed the LORA team

initially, explaining the nature of the study and applicable

doctrinal references (including the allocation policy in 7M?

38-715-1), and cautioning the membevs of the LORA team that they
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could consider only current uniit capabilities, without chanqing

existing unit skills, tools, or equipment.

(3) The analysis itself consisted of an objective evaluation

of the maintenance task allocations as specified in the MAC. Each

maintenance task was challenged in terms of whether or not it was

correctly allocated in the MAC chart. The exam~ple of the end iteum,

and appropriate tools and equipment were physically examined

whenever a member of the LORA team so desired. When an incorrect

allocation was found, it was identified, together with the correct

maintenance category to which it should be allocated.

(4) With few exceptions, the final product of each LORA was a

listing of maintenance allocation chart corrections for that end

item. The lists are assembled at Appendix H. The LORA findings

are summarized later in this chapter. The summary statistics

reflected a trend which was an important consideration during the

structuring of the COEA.

C. Cost-Operational Effectiveness Analysis ((flEA) and

Scenario Oriented Recurring Evaluation System (SCORES).

(1) The (flEA and SCORES methodologies for this study were

integrated by a contractor into a single canputer simulation model

The'i¶ contractor found that he was not able to use an extensive

simulation such as Models of the US Army Worldwide Logistic System

(MAKtOW), or even any of the relatively simple existing

simulations. Consequently, the contractor developed a new

simulation tailored to accomodate available inputs. Briefly,
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the simulation consists of three parts: (a) A preprocessor which

accepts policy, opens files, and generates "failures" based on unit

engagement codes, (b) The main model where the actual simulation

is played, and (c) The post-processor in which the results are

tallied and output statistics are printed. Output statistics

include operatione.l availabili't.y rates by end item, by period.

This output provides the primary measure of effectiveness.

(2) A more detailed discussion of the simulation model and the

COEA methodology is at Appendix I. Further details pertaining to

SCORES evaluation are at Appendix G.

2-4. LEVEL OF REPAIR ANALYSES (LORA).

a. General. The corrections in maintenance allocations made

by the IflRA teams were too numerous to deal with individually.

Consequently, to facilitate identification of any trends, the

correction statistics were arrayed by conmmodity groupings -

primarily the commodity groupings shown in the appendixes to AR

750-1. Arrdyed in this way, the correction statistics not only

revealed a trend, but also tended to highlight characteristic

differences in the maintenance allocations developed by different

DA1COM Commodity Commands. Item descriptions and allocation

corrections or sumiary discussions for all of the end items in the

sample are located at Appendix H. Each of the following eight

subparagraphs summarizes the LORA results for one of the commodity

groupings.
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b. Electronics equipment.

(1) Twenty-one items are included in this portion of the

sample. The following figures summarize the results of these

analyses, in terms of the numbers of electronics maintenance tasks

which were found to be incorrectly allocated, and were corrected by

reallocating them to other categories as indicated.

TASKS WOVED FOAR6D

DS to Org 262

GS to Org 14

GS to CS 153

Depot to DS 102

Depot to GS 251

Depot to Org 10

TASKS MOVED REAIAM

Org to nS 12

DS to GS 17

Following is a summary of the nuitbers of tasks which were found to

be unassigned in the sample MAEs, and were therefore allocated to

appropriate maintenance categories by the LORA teams.

NEW ALWCATIONS

Org 6

CS 87

GS 48

Depot 2
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(2) The electronics commodity proved to be particularly in

need of this type of analysis. MACs in this commodity group

presently identify many failures which the organizational repairman

has the calpability to isolate down to a subassembly or part.

However, replacement of that subassembly or part is presently

allocated to a maintenance category farther to the rear. Hands-on

P-tamination of these items by the LORA teams revealed that most of

the replacement tasks also were within the organization's

capabilities. Since maintenance tasks vary a great deal in

complexity and in the time they require, it is important to

recognize that the comparative size of these numbers is more

significant than the numbers themselves. For example, the ixre

complex and sophisticated nature of direct support cepairs

precludes their being compared with organizational repairs on

anything like a one-for-one basis. Although piece-part repair may

appear to be a departure from established electronics maintenance

Spolicy, it should be remembered that very little of today's

electronic equipment is completely modularized. Therefore, a

certain amount of piece-part replacement/repair is particularly

advantageous if done at the organizational level, because

maintenance there avoids the necessity for transporting major

components, or even the entire set, to a maintenance activity some

distance away. Electronics equipment is particularly susceptible

to damage from improper handling during such trips. These analyses
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were performed at Fort Huachuca, Fort Sill, and Aberdeen Proving

Ground.

c. Automotive and Mobile Electric Power (MEP) Generating

Equipment.

(1) In this portion of the sample, ten end items were analyzed

for level of repair. Total numbers of maintenance tasks which were

corrected by re-allocating them are shown below:

TASKS MOVED FORWARD

DS to Org 122

GS to W 24

The maintenance tasks which were found to be unassigned were

allocated as follows:

NEW ALLOCATIONS

Org 1

DS 10

(2) This commodity groupingv was found to have fewer

requirements for correcting allocations than the electronics

equipment. This can be attributed to a number of factors.

Principal among these in the view of the study team was the fact

that this materiel is not modularized to any great extent, and

therefore the repairman deals with a smaller number of relatively

large assemblies such as engines, transmissions, and axles. Not

only is the replacement of these assemblies time-consuming, but the

diagnosis and repair of malfunctions of their internal components

is impractical at the more forward categories of maintenance,
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because of the excessive time and the repair parts loads that such

repairs require. These analyses were performed at Aberdeen Proviog

Ground.

d. Combat Vehicles and Heavy Weapons.

(1) The study sample contains eight end items in this

commodity group. Totals of allocations corrected in this part of

the sample were as follows:

TASKS MOIVED FIOFWM

DS to Org 101

GS to 6 15

Depot to G 4

During the course of this analysis, 14 maintenance tasks were mo~ved

rearward. An example is the Bearing Assembly, Traversing, on the

M551. Its replacement requires removing the turret. Wbuile this

bearing could conceivably be replaced at direct support, its

failure would be expected to be accompanied by other failures

requiring the higher category skills, tools, and facilities of GS

maintenance. The LORA team, therefore, concluded that the far thesat

forward category which had the proper capability for this repair

was general support maintenance.

(2) During the course of this analysis, a number of important

tasks were found to be unassigned. The following list reflects the

allocation of these additiornal tasks, by category:
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NEW ALLOCATIONS

Org 68

CS 28

GS 1

Depot 3

These analyses were performed at Aberdeen Proving Ground.

e. Construction and Materials Handling Equipment.

(1) Five items of construction equipment and MHE were

subjected to Level of Repair Analysis. The results were somewhat

similar to those found in the Automotive and Mobile Electric Power

Generating Equipment portion of the sample. Totals of maintenance

tasks moved forward were:

TASKS MYJED FORWJARD

DS to OLg 48

GS to Org 5

GS to DS 5

During the course of this analysis, three maintenance tasks were

moved rearward. Both replacement and repair of the engine assembly

of the 20-ton crane were moved from direct support to general

support. The third task was the replacement of the winch

assembly on the Tractor, FT, D7E, which was moved from

organizational to direct support. These decisions we•re based

primarily on the equipment required for replacing these components.

Maintenance tasks that were found to be unassigned during the

course of the analysis were allocated as follows:

2-13



NEW ALXATIONS

Org 1

GS ~1

(2) Most end items in this conmodity grouping are essentially

adaptations of standard commercial items. This fact frequently

leads to maintenance difficulties because the equipment was not

designed with an objective of making it compatible with Armyi

maintenance concepts. The most obvious consequence is its lack of

maintainability characteristics, which often causes maintenance

tasks on such commercial items to require more time and effort than

similar tasks on military-design items. As can be seen from the

analysis results, however, the basic similarities between these

items and standard Army automotive materiel are such that the trend

of movement forward was repeated. These analyses were performed at

Fort Belvoir and Aberdeen Proving Ground.

f. Small Arms.

(1) The study end item sample contains two small arms. They

are the M16Al Rifle and the M60 Machine Gun. Following is a

summary of those maintenance tasks which were moved forward:

TASKS MOVED FORWARD

DS to Org 12

Depot to DS 9

Only a single task was moved rearward - the repair of the MI6AI

stock assembly. This deciaion was based upon the fact that the

stock is fiberglass ant its repair is best accomplished in the

2-14
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service section of a direct support unit. Following is the

distribution of unassigned maintenance tasks which were detected

during the analysis.

NEW ALLS)ATIONS

Org 6

[6

(2) Small arms are particularly suitable for maintenance close

to the place of failure. They ar high density, mission-essential

items which can be repaired with a minimtum of special tools and

Test, Measurement & Diagnostic Equipment (IMDE), and the tools

required for their repair, as well as their repair parts, are

relatively small and easily transported. These analyses were

performed at Aberdeen Proving Ground.

g. Office Machines.

(1) Two office machines, a typewriter and an adidng machine,

are included in the end item samiple. As is typical of items in

this commnodity, these items do not have Army technical manuals or

maintenance allocation charts. Instead, users and maintenance

personnel alike must rely on manufacturer's manuals. Trhis

situation necessitated an alteration in the approach to the

analysis; the research team focused its attention, on an evaluation

of the maintenance concepts currently being taught in the service

U school .

(2) The results of this analysis included the recoimmendations

that users of these machines continue to be responsible for

( 2-15



preventive maintenance, and that responsiblity for repairing office

machines be concentrated at thft DS and GS levels. The majority of

routine repairs would be performed by DS repairmen who would go

forward to the using units and repair the equipment on-site. This

approach is both feasible and desirable, since the necessary tools

and high-mortality repair parts are small and easily transported by

a single individual, and most office machines are quitt susceptible

to in-transit damage, like many items of electronic eqtipment.

This analysis was performed at Fort Lee.

h. Chemical-Biological Equipment.

(1) Two items of Chemical-Biological equipment are included in

the end item sample. They are the Ml7Al Mask and the APC-mounted

flamethrower. The nurbers of maintenance tasks which were moved

forward are shown below:

TASKS MOVED FORWAM

DS to Org 40

GS to Org 6

GS to D 30

Depot to Org 1

Depot to GS 1

No maintenance tasks were moved rearward on these items.

Allocations of those maintenance tasks found to be unassigned in

the MACs for these items are shown below:

NEW ALLOCATIONS

Org 33
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(2) The Chemical-Biological Equipment portion of the sample is

unique among tthe groupings utilized in this study because it is

comprised of greatly dissimilar items. There are no parts common

to both the protective mask and] the flare thrower. As a result,

differing results were derived from their analyses. The flame

thrower was treated much the same as other weapons. By contrast,

the level of repair analysis on the protective mask included the

recommndnration that only the face piece group be repairable and

that the carrier be a throwaway item. Furthermore,, the recommernded

maintenance concept envisions only depot repair of the face piece

above the organizational category. Un~der this concept, masks not

repairable at the organization would be turned-in through supply

channels on a one-for-one exchange basis. The unserviceable,

repairable assets would then be shipped to a depot for repair and

return to the supply system. Since the transactions would take

place in supply channels, there would be no requirement for DS or

GS maintenance on the protective mask. These analyses were

per formed at the Ordnance and Chemical Center and School at

Aberdeen Proving Ground.

i. Summurary of LORA results.

(1) Following is a compilation, for the entire sample, of the

total numb~ers of maintenance tasks which were moved forward:
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TASKS MVED FORWARD

DS to Org 585

GS to Org 25

GS to DS 227

Depot to Org 11

Depot to 138 Iil

Depot to GS 256

The total numbers of maintenance tasks moved rearward are shown

below:

TASKS MOVED REARWAR

Org to US 21

DS toGS 26

DS to Depot 2

Following are the totals of the allocations of those maintenance

tasks which were found to be both unassigned in the current MACs,

and important enough to justify allocation to a specific category.

"NEW ALLOCATIONS

Org 115

DS [126

GS 50

Depot 5

(2) The preceding discussion presented the results of the

LORAs for the end items in the study sample. A review of these

results reveals a clearly evident trend which indicates that a

"significant proportion of maintenance tasks can and should be
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performed at categories farther forward than those to which they

are currently allocated.

2-5. OD)A-SCORES ANALYSIS.

a. Selection of acceptable alternatives. At the conclusion of

the LOMAs, Alternative 2 (see page 2-5) became clearly recognizable

as inconsistent not only with the trends established by the LDRAs,

but also with the philosophy of the new FM 100-5 4, 1 2-7/.

Consequently, Alternative 2 was dropped from further consideration,

and the COEA was structured to assess the relative worths of

Alternatives 1 and 3. Alternative 1 was taken as the baseline

case, and Alternative 3 was compared with it. The COEA-SCORES

analysis is described in Appendix I. Highlights of that

description are presented in the paragraphs below.

b. Model. The basic vehicle for the COEA was a

contractor-developed computer simulation model, named Maintenance

and Suport Concepts, acronym MASC Y/. The contractor's product

was further refined by members of the study team, who conducted an

extensive supplementary analysis and made many additional model

runs. An expanded version of the ME II Scenario was used as the

operational setting from which force structures and

scenario-dependent paramers were drawn. Operational availability

A() rates for several mission-essential, maintenance-

significant, hib h-density end items were used as the Measure of

Effectiveness (NDE) for evaluation of the acceptable alternatives.

This MOE camplies fully with the requirement of FM 100-5 _,2--2/.
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Model input specified the lowest level of repair for each of ten

generic types of failures associated with each end item. For

comparison of the two acceptable alternatives, MAC chart

corrections resulting from the LORAs were translated into

adjustments of these lowest levels of repair. The WDRA corrections

increased the number of organizational tasks by an average of only

about twelve percent, but the nature of the model caused these

corrections to affect lowest levels of repair to a considerably

greater extent. This result had the effect of worst-casing the

model's analysis of the increased workload at the organizational

level.

c. Operational Effectiveness. The measure of effectiveness

results of the COEA, as shwn in Table 1, indicate that equipment

operational availability rates increase as a result of implementing

Alternative 3. This was the expected result, since the travel and

administrative times involved in moving items from organizational

to support levels are reduced.
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Alternative 1 Alternative 3 Percent Relative

Item_ Availabiliy Availabiliy ChaNqA Effectiveness

1/4 Ton Truck 0.858 0.858 0% 1.00

2 1/2 Ton Truck 0.793 0.804 +1% 1.01

5 Ton Tractor 0.694 0.710 +2% 1.02

Forklift (6000 re) 0.777 0.794 +2% 1.02

MII3A, Carrier 0.818 0.825 +1% 1.01

155MM SP Howitzer 0.486 0.530 +9% 1.09

M60Al Tank 0.621 0.661 +6% 1.06

MOE: OPERATIONAL AMAIEABILITY
Table 1

The greatest enhancement in CA rates was observed on the self-

propelled howitzer and the tank. Both of chese items are characterized

by relatively low mean time between failures, and, of course, by their

importance to the tactical commander. Other miodel results indicated

that no significant backlogs developed as a result of the increased

workload at the organizatiorel level.

d. Cost Analysis. The methodology for the determination of costs

for the acceptable alternatives was based upon the concept of

incremental cost analysis. That is, only the changes in relevant costs

8_8Y/ between klternative 1 and Alternative 3 were considered. The Cost

Analysis concluded that no relevant changes in cost could be attributed

to the implementation of Alternative 3. Therefore, the

relative cost ratio was found to be 1.0. Details of the Cost Analysis

are contained in Appendix 1.
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e. Relative Worth. Since the relative cost ratio for Alternative 3

was found to be 1.0, the Relative Worth figures, as shown in Table 2,

are identical to the Relative Effectiveness figures shown in Table 1.

Relative Effectiveness
MOE: Operational Relative Relative Worth

Item Availability (OA . Cost MOE: OA

1/4 Ton Truck 1.00 1.0 1.00

2 1/2 Ton Truck 1.01 1.0 1.01

5 Ton Tractor 1.02 1.0 1.02

Forklift (6000 RT) 1.02 1.0 1.02

Ml13Al Carrier 1.01 1.0 1.01

155MM SP Howitzer 1.09 1.0 1.09

M60AI Tank 1.06 1.0 1.06

Table 2. Relative Worth of Alternative 3.

2-6. IMPLICATIONS OF THE LORA.

a. If the maintenance allocation process is not executed

properly, and its results carefully documented in the MAC, the

subsequent task of maintenance manual development suffers. Such

occurrences become evident when repair parts ("P"-suffix technical)

manuals must be used in lieu of MAC charts. For several years,

parts manuals have contained a Source-Maintenance-Recoverability

(SMR) Code. A random sampling of parts manuals written during the

past ten years reveals varying explanations for the maintenance

code. However, they have always indicated the lowest category of

maintenance at which repair or replacement of a particular part is

authorized. The most recent parts manuals contain two maintenance
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codes. onie gives the lowest category where replacemnent of the part

is authorized, and. the other specifies the lowest category where

repair of the part is authorized. These parts manuals are intended

to be uaed by supply activities in conjunction with their

responsibilities for editing requisitions, but obviously they can

also be used as a source of maintenance allocation information.

There is nothing improper about using parts manuals in this way,

but they are less convenient and more time-consuming than properly

prepared MACs. In some instances, however, these manuals are the

only available source of maintenance allocation information,

because no MACs exist for a numb~er of end items in the field. This

condition was reflected in the study sample. Of the 50 analyses

conducted, only 38 could be ba-,ed entirely upon end item

maintenance allocation charts. For the remaining 12 analyans, the

LORA teams were forced to rely upon repair parts manuals or

manufacturers' literature.

b. The WDRA results confirmed the fact that most existing MAC

chart allocation errors correspond to a lack of conformance with

the TM 38-715-1 policy of allocation to the farthest forward

category of maintenance capable of performing th~i task. Since the

team's discussions with representatives of various DkOM Conmnodity

Commnuads had revealed a widespread lack of awareness of the

existence of that policy, the team searched for a reason for this

lack of awareness. On the basis of these same discussions, the

team concluded that a major reason is that TMl 38-715-1 is not even
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mentioned in the key Army regulation on Army materiel maintenance

policies - AR 750-1. TM 38-71B-1 is properly referred to in AR

700-18, Provisioning of US Army Equipmnt, 9_!_Y, but can easily

be overlooked by those who search for maintenance policy in AR

750-1. The study team therefore reasoned that adding references to

this TM in AR 750-1 (see Appendix J) would be a simple step which

should prove to be highly beneficial.

c. As the Level of Repair Analyses were nearing completion it

became apparent to the study team that what the LDRA groups had

done and were doing was not particularly difficult - at least not

for personnel with their types of background and experience.

During ensuing deliberations on the subject of the MAC chart system

in general, members of the study team found themselves asking the

question, "IWhy isn't this sort of corrective review an automatic

step in the system?". The team's search for an answer to this

question led it again to AR 700-18 92L-2-0/. This regulation does

in fact describe a os1tprovisioning review, the purpose of which is

to re-examine all aspects of initial provisioning (which of course

includes development of the MAC). The postprovisioning review is

to be chaired by the DARXC4 Commodity Cormand which developed the

new end item, and is to be held one year after initial deployment

of the new item. However, AR 700-18 leaves it optional with the

developer as to whether such a review is needed, and the study

team's investigation indicated that these reviews have very rarely

been convened. In short, the basic mechanism for such reviews is
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already in the regulation, but the reviews are optional, and the

present condition of most MAC charts is a reflection of the fact

that they usually have not been subjected to this type of formal

review. The study team's conclusion was that for

maintenance-significant end items, formal postprovisioning reviews

should be a mandatory requirement at 183 months and again at 36

months after deployment of the new end item, and that the same type

of personnel who performed the study's LORAs should be involved.

The TRADOC school which trains support maintenance personnel for

the end item in question should be the direct recipient of DA Forms

2028 pertaining to its MAC chart, and prior to the convening of a

postprovisioning review, a LORA team composed of experienced

maintenance personnel stationed at that school should challenge not

only the allocations of maintenance tasks, but their mission

essentiality as well, as has been done in the Standards Study i10/

and the WARPAC Project ii/. Since the LORA will be triggering

changes in repair parts maintenance codes anyway, it is logical to

make any necessary change; in essentiality codes at the same time.

The TRADOC school review chould be completed before the convening

of the postprovisioning :eview, so that the TRADOC school

representatives can form&lly present the needed corrections at the

postprovisioning review. The annual maintenance man-hour totals,

by maintenance category, for the corrected MAC chart would of

course need to be recale'ilated by the applicable DWCOM Commodity
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Comwand i_Ž2 -V/ so that TOE Manpower Authorization Criteria

(MACRIT) figures for the end itam involved could also be. corrected.

d. Sunmary

(1) During the course of the study, the study team discoveted

a surprising lack of understanding of the fundamental fact that MAC

charts are the primary authorities governing maintenance

responsibilities at all categories of maintenance. AR 750-1 fails

to state this fundamental policy explicitly, and this omission

appears to be a major contributor to the misunderstandings and

confusion which are so frequently encountered, particularly amorng

those who are not intimately acquainted with the maintenance

system.

(2) The results of the IORAs showed clearly that the

maintenance task allocation policy contained in IM 38-715-1

frequently has not been followed during the preparation of MAC

charts. The efforts of the LORA teams showed that MAC chart

corrections made by applying the TM 38-715-1 policy caused

significant proportions of maintenance tasks to be moved farther

forward. The COEA-SCORES analysis, in turn, showed that these

corrections cost-effectively enhanced operational availability

rates for materiel on the simulated battlefield.

(3) Toward the completion of the LORAs, the study team

investigated various ways of making it possihle for the Army to

take advantage of such LORA-based MAC chart corrections on a

routine and continuing basis. The team dJscovered an existing

2-26
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mechanism called postprovisioning reviews, outlined in AR 700-18.

The present policy governing these reviews will require

modification to enable such reviews to take advantage of lessons

learned firm the study's LORAs, and to accamplish similar

reductions in errors in, and improve the effectiveness of, future

MAC charts.

22
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WCHAPIER 3

FINDINGS AND CONCLUSIONS

3-1. FINDINGS.

a. In AR 750-1, Army Materiel Maintenance Concepts and

Policies, the maintenance concepts do not cite MAC charts as the

primary authorities governing maintenance responsibilities at all

categories of maintenance. This MAC chart authority is fundamental

to the operation and control of the maintenance system. The

absence of an explicit statement of this fundamental policy in AR

750-1 has led to misunderstandings on the part of, and is tne

source of unnecessary confusion to, many who are not intimately

acquainted with the system.

b. The allocation policy in TM4 38-715-1, Provisioning

Techniques, frequently has not been followed during the initial

preparation of MAC charts. MAC chart corrections resulting from

campliance with this policy shift significant proportions of

maintenance tasks farther forward, cost-effectively enhancing

materiel operational availability rates.

c. AR 700-18, Provisioning of US Army Equipment, leaves

postprovisioning reviews optional. Consequently, MAC charts remain

uncorrected. Field-experienced maintenance personnel at TRADOC

schools are well qualified to make necessary corrections.

3-2. CONCLUSIONS.

a. Confusion and misunderstanding would bep reduced if the

F. maintenance concepts in AR 750-1 were to state explicitly that MAC

3-1
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charts are the primary authorities governing maintenance

responsibilities at all categories of maintenance.

b. Operational availability rates would be enhanced if the

allocation policy in TM 38-715-1 were complied with during initial

preparation of MAC charts, and if MAC charts corrected through

compliance with this policy were to supersede current charts.

c. Future MAC charts would be improved if AR 700-18 were to

make postprovisioning reviews mandatory (with LORA and MEMO input

from the TRADOC schools which train repairmen), and if DA Forms

2028 pertaining to the MAC charts were to be directed to those

TRADOC schools.

3-2
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CHAPTER 4

RECCMMENDATIONS

4-1. The following recommendations correspond to the conclusions

in the previous chapter, and are presented in t~e same sequence as

the conclusions to which they apply. All three recommendations are

equally applicable during peacetime, transition to wartime, and

wartime.

4-2. It is recommended that-.

a. The maintenance concepts in AR 750-1 be revised to state

explicitly that MAC charts are the primary authorities governing

maintenance responsibilities at all categories of maintenance. (DA

Forms 2028 attached at Appendix J).

b. AR 750-1 be revised to cite the allocation policy in M4

38-715-1 as the primary reference for allocation of maintenance

tasks (DA Forms 2028 attached at Appendix J), and that MAC charts

corrected in campliance with this policy supersede current charts.

c. AR 700-18 be revised to make postprovisioning reviews

mandatory at 18 months and 36 months after deployment of a new end

item, with LWRA and VIM0 input from the TRADOC school which trains

support maintenance personnel for the item in question, and that

technical manuals containing MAC charts be revised so that DA Forms

2028 which pertain to their MAC charts will be directed to those

TRADOC schools. (DA Forms 2028 attached at Appendix J).

4-1
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APPENDIX A

STUDY DIRECTIVE AND RELATED DOCUMENTS

A-I. REFERENCES.

a. Letter, ATCL-CA, USAIOGC, 10 September 1973, subject: US

Army Logistics Center Study Directive: Maintenance Support

Structure for Deployed Forces, ACN 21012.

b. Letter, ATCL-CA, USALiOGC, 20 September 1973, subject: US

Army Logistics Center r' Midy Directive: Maintenance Support

Str.cture for Deployed Forces.

c. Letter, ATSL-CTD-CS, USAOC&S, 24 October 1973, subject:

Maintenance Support Structure for Deployed Forces, ACN 21012.

d. Letter, ATSL-CTD-CS, USAOC&S, 27 November 1973, subject:

Maintenance Support Structure for Deployed Forces, ACN 21012.

e. Letter, ATSL-CTD-MS, USAOC&S, 5 December 1973, subject:

Combat Development Study Plan: Maintenance Categories, a Substudy

of the Maintenance Support for Contingency Forces Study, ACN 21012.

f. Letter, A•a.L-CA, USALOGC, 7 December 1973, subject:

Maintenance Support Structure for Contingency Forces, ACN 21012.

g. Letter, ATCL-C1D, USALOGC, 3 May 1974, subject: Combat

Development Study Plan: Maintenance Categories.

A-2. STUDY DIRECTIVE. The study directive is found in reference a

above

A-3. STUDY PLAN. The study plan, reference g, was approved by

* LOGC on 3 May 1973 with some minor modifications. The approved

study plan, with changes incorporated is shown at page A-22.
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K ~ DEPARTMENT OF THE ARMY
SUNITED STATES ARMY LOGISTICS CENTER

,:. F�,•FORT LEM, VIRGINIA 23801

ATCL-CA 10 S6P 1G73

SUBJECT: US Army Logistics Center Study Directive: Maintenance Support

Structure for Deployed Forces, ACN 21012

Commandant
US Army Ordnance School
ATTN: ATSL-CTD-CS
Aberdeen Proving Groun4, Maryland 2L005

1,- Refereneoq. See Annex 1, attached as Inclosure 1.

2. Purpose. To examine the current categories of maintenance,
maintenance codes, and maintenance standards to determine if new commodity

oriented categories, codes and standards are necessary to allow managers

at all levels in the field to plan, organize and execute their maintenance

* functions.

3. Threat Considerations. A threat appendix, if applicable,'will be
prepared to support the study. Threat considerations will include the

impact that enemy air, artillery, ground, and nuclear operations may

have on the maintenance support structure throughout a theater of
operations.

4. Study Sponsor. Concepts and Doctrine Directorate, USALOGCCMr.
Roland Linker, Autovon 687-2118, Fort Lee, Virginia.

5. Study Monitor. Concepts and Doctrine Directorate, USALOGC, Project

Officer is LTC Wagner, Autovon 687-5751, Fort Lee, Virginia.

6. Terms of Reference.

a. Problem. Maintenance concepts and operations must be examined

to determine what categories and standards of maintenance are required

to give thn maintenance manager a system to adjust personnel and materiel

requirements as his mission and environment change. Climate, tactical

situation, densities, type and age of equipment as well as economic

factors have a bearing upon the quality and quantity of maintenance
personnel required. Less effort may be required for STD B items because

)A-
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ATCL-CA
SUBJECT: US Army Logistics Center Study Directive: Maintenance Support

Structure for Deployed Forces, ACN 21012 -

.- of economic factors, therefore, it should be maintained at a level
somewhat less than top condition. The tactical situation may dictate
that only combat essential fault be corrected; this would require a
different standard. These standards or levels should be identified.
These levels should be identified either in general terms or by commodity,
if applicable.

b. Objectives.

(1) Determine if the categories of maintenance are properly identified
and missions appropriately assigned. In addition, identify the differ-
entiating aspects according to materiel commodity groupings.

.'(2) Determine the feasibility of e'stablishing various levels of
maintenance standards for materiel based upon such considerations as
economy, tactical situation and personnel avcilability. Define the
levels by commodity as appropriate.

(3) Determine the impact of expanded direct exchange on the
maintenance system and identify voids in mission caLeou'io6.

c. Limits. The study will be limited to the maintenance structure
of deployed forces and CONUS divisions with their GS level supporting
elements. The study will not include CONUS post TDA maintenance elements.

d. Scope. The study will consider all commodities less medical
and cryptographic equipment through all maintenance categories.

4. Time Frame. C irrent.

f. Assumptions. Assumptions considered necessary will be included
with the study plan.

J. Essential Elements of Analysis (EEA). EEA will be developed in
conjunction with the study plan, but will include:

(1) How will the expanded direct exchange program be supported in
the field?

(2) Are procedures and units adequate for repair of recoverable items
to be returned to supply stock?

(3) What units will perform in-storage maintenance of supplies?

2
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ATCL-CA "E
SUBJECT: US Army Logistics Canter Study Directive: Maintenance Oupport

Structure for Deployed Forces, ACN 21012 W

(4) Should GS units perform DS in support of DS units or should DS
units be augmented with cellular units to increase capabilities?

(5) Are GS units too specialized or too broad in i.ApaHl'itie3?

(6) How do maintenance standards change based upon combat situation,
personnel availability, part3 availability, funds availability, and the
operating environment.

(7) Can maintenance standards be lowered to obtain high actual
* equipment bvailability.

(8) Does the age of equipment influence the standard at which it
will'be main•uined. '

h. Environment. The study will be developed for mid- and. high-

intensity conflict.

i. Constraints. None.

J'. Methodology. The study will evaluate the present system using
the current maintenance allocation charts (MAC) and possible/recommended
changes to them as the basic media of analysis. Data obtained from EEA
will be used as prime input to the analytical process.

k. Alternatives. Alternatives considered will range from the
retention of current four categories of maintenance to. developing a new
structure of maintenance oriented toward commodities or commodity
groupings.

1. Related Studies. The Army Aircraft Maintenance Structure (AAMS),
Maintenance Organizational Structures for the Army in the Field, and Army
.Field Artillery Missile Maintenance System (AFA1ZIS).

7. Support and Resource Requirements.

a. HQ, US Army Logistics Center is designated proponent for this
study.

b. Input and assistance from the US Army Ordnance, Transportation,,
Quartermaster, Signal, Missile and Munitions, Engineer Centers, and
Schools Qil. be requested as required. The USASTRATCOM and USAMC will
also be requested to provide it put and asvistance as required.

31
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ATCL-CA SEP
SUBJECT: US Army Logistics Center Study Directive: Maintenance Support

Structure for Deployed Forces, ACN 21012c

8. Administration.

a. Study Title. Maintenance Support Structures for Deployed Forces.

b. Study Schedule.

(1) D-- Date of receipt of approved study directive.

(2) D+30 - Submission of study plan.

(3) D+300 - Coordination draft distribution.

(4) D+330 - Coordination comments received.

(5) D+360 Submission of final study.

c. Control Procedures. IPR's will be scheduled at least quarterly
and as required by decision requiremerts and/or prior to submission of
final report.

kd. Study Format. Study format will be in accordance with USACDC
Panphlet 71-16.

a. Action Documents. As required or determined during development
of the study.

f. Coordination and Other CommunicatLons. Coordination will be
made with all USALOGC Directorates for r-.propriate support, for example,
models, systemd, etc. All communicatirns will conform to USACDC Reg 71-1,
Cr-mbat Development Procedures.

8. Distribution. Normal distribution of coordination draft(s) and
final study will be made.

h. Security Clrssification Guidance. Normal classification procedures
will be made.

9. Combat Developments Objective Guide. This study supports paragraph 1611a.

10. Management Data. Thii task will be programed as USATRADOC ACN 21012.
It has a LOWC priority of I-C-3. Management of this action is the

. .4
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ATCL-CA 10 SEP 1973 S,1
SUBJECT: US Army Logistics Center Study Directive: Maintenance Support

Structure for Deployed Forces, ACN 2101ý,•

responsibility of the Concepts and Doctrine Directorate of the LOGC.
Request Research and Technology Work Unit Summary, DD Form 1498, see
Inclosure 2, be updated and returned to the LOGC, ATTN: ATCL-CA within
5 workitzg days of receipt of study directive.

FOR THE COMINDER:

2 Incl RERBERT T. CASEY, JR.'
as Colonel, GS

Director, Concepts & Doctrine

A-.
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4NEX I I

REFERENCES

1. AR'310-3, Miiitary Publications, Coorcl*nation, and Approval

of Denarterant of the Army Publications, December 1968.

2. AR 310-25,.Dictionary of United States Army Terms.

3. AR 71-6, Type Classification/Reclassification of Army

Materiel.

4. Art 700-18, Provisioning of US Army Equipment.

5. AR 700-82, Joint *!eq*ulations Governing the Use and

Aonlication of Uniform Source, maintenance, and Recoverabi]it_

Cckd-3~.

6. AR 750-iArmy M1ateriel Maintenance Concents and Policies,

.May 1972.

7. -AR 750-4, The Arnýy Materiel Plan - Part II Depot Materiel

Maint-enance and Sunourt Activity.

8. DA Pamp 750-38, TArrI1S - Equirment Historical Pecords and

Selected 'lainterance Forms.

9. SB 740 Series, Storage Servicability Stanctards.

10. TB 750-94-10 through TB 750--99-69, Maintenance Exnenditure

Limits.

11. TM 38-750, The Army Maintenance Manaaement Syste.m (Tý.tMMS)

November 1972.

12. TM 38-750-1, The Army Naintenance Management System (TA•.MS)

Field Cezm~and Procedures. November 1972.

13. FM 29-2, Or2Enizational Maintenancce Management, August 1971.

(- 14. FM 29-23, Direct Suunort Iia~ntenance Battalion (Uondiviqion'K!)

Septemnber 1971.
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ANNEX I

AREFERENCES
15. FM! 29-24, General supportL Maintenance B~talion,

Decorrher 1971.

16. 11'4 29-36, Aircraft Maintenance Support (Nondivisiohal),

May 19 72.

17. FM 29-30-1, Division Maintenance flattalioniSeptember

1971.

18. FM 38"1, Lodisticý4 Management, March .1973.

Si• DA Study, Thfe peartmant of the Army Board of .Incruiry on

the Ar:..v Loaiptibhs System, January 1967.

20. DCSLOG Study, Army Aircraft Maintenance Strlicture (AW4S), USA

7,otjistics Evaluation Agency.

21. UL'ACDC Study, Maintenance of Aircraft Under Adverse Conditions,

ACN 21612, November 1973.

22. USACDC Study, Echelons Above Divisions, December 1971.

2 23. USACDC Study, Rapid Integrated Logistics Sd!port System,

October, 1972.

24. USACDC Study, Maintenance Organizational Structures for the Arm,,

in the Field, ACN 16172, November 1971.

25. The Logistics Review, US Army Vietnam (1965-1969), HQ US

Army, Vietnam.
iA
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23. The study will examine the present categories of maintenance and the missions
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24. Current organizations and st-idies will be evaluated to determine their capability
to perform maintenance on all commodities of equipment under various situations and

environments. Coordination with CACDA will be accomplished in order to define the
tactical envirornment. The study results will, be incorporated into wargaming exercises
using approved scenarios, and should result in improved maintenance allocation charts'
as well as a more effective management tool.

25. Draft study directive ties been submitted to the Logistics Center.
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DEPARTMENT OF THE ARMY
UNITED STATES ARMY LOGISTICS CENTER

FORT LEE,. VIRGINIA a2301

0J

ATCL-CA 2 0 SEP 1913

SUBJECTs US Army Logistics Center Study Directive:
Maintenance Support Structure for Deployed Forces

US Army Ordnance School
ATTN: ATSL-CTD-CS
Aberdeen Proving Ground, Maryland 21005

11 References Letter, ATCL-CA, USALOGC, 7 Sep 73, subject
as above.

2. Reference 1 is the study directive and LOGC tasking
letter for the Maintenance Support Structure for Deployed
Forces study.

t. Change paragraph 7a of reference 1 above to read, "USA
Ordnance School is designated proponent for this study".

4. Change paragraph 7b of reference 1 above to read, "Input
and assistance from the Transportation, Quartermaster,
Signal, Missile and Munitions, Engineer Centers and Schools
will be requested as required. The USASTRATCOM and USAMC
will also be requested to provide input and assistance as
required".

FOR THE COMMANDER:

HERBERT T. CASEY# JR.
Colonel, GS
Director, Concepts & Doctrine
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MAJ Scharberg/iw/5727

ATSL-CTD-CS 2 4qCT 1973

SUDJECT: Haintenance Support Structure for Deployed
Forces. ACN 21012

Commandor
US Army Logistics Center
ATTHl: ATCL-CA
Fort Lwo, VA 23801

1. Reference Is made to letter, your headquarters,
ATCL-CA, 10 Soptembor 1973, subJect: US Army Logistics
Center Study Directive: 11aintenance Support Structure
for Deployed Forces, ACHI 210t2. r

2. The Initial USAOCES analysis of the directive reveals
that-kLthu prublum. Lu bu utudiud rd ulrei cons1darabla
definition before the study plan can be prepared. There-
fore, an Intc;sIlve anolysis utilizing the'seminar technique
Is scheduled which will bring maximum experience to bear "L
on thu problem. The seminar so0sions are scheduled
through the end of October. Thereafter, a period of
approximately three weeks will be required to finalize the K *..

study plan or plans. -* £

3. The study plan will be forwarded to your headquarters \0

prior to I December 1973.

4. The USAOC&S action officer Is MAJ G. A. Scharberg,
AUTOVOtI 870-57Z7/5702.

FOR THE COKMAND•Rt 
IN

i'ANTý4 F, LE1IZI

LTC, OrdC
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KAJ Scharberg/lw/2 8 70

ATSL-CTD -C S . iuNovember 1973

SUBJECT: Maintenance Support Structure for Deployed
Forces, ACN 21012

Commander
US Army Logistics Center
ATTI: ATCL-CA
Fort Lee, VA 23801

I. Reference Is made tot

a. Letter, your headquarters, ATCL-CA, 10 Sop 73, r
"subject% US Army Logistics Center Study Directive:
Maintenance Support Structure for Deployed Forces, ACt 21012.

.U. Letter, USAOC&S, ATSL-CTD-CS, 24 Oct 73, subject
as above.
2. Reference lb advised of the USAOC&S Intention to embark

upon on Intenslvo problem definition phase prior to pre-
paring a study plan for the subject study. That effort .-

Identified a number of potcntial study areas, all of which
can be related to tho Maintenance Support Structure for * !.
Deployed Forces Study. In addition, the studies already In
the program ware reviewed.

3. The primary conclusion drawp from the problem definition
analysis was that these maintenance problems are too diverse
for adequate treatmont In a single study effort. If attempted,
that study would bo unmanageable and would not provide sub-
stantive results applicable to the current or near timeframo.
Therefore, the USAOCGS considers the Haintenance Support
Structure for Deployed Forces Study to be a carrier study wlfth
several related substudles.

A- 12



ATSL-CTD-CS
SUBJECT: Maintenance Support Structure for Deployed

Farces, ACH 21012

4. Currently, nine substudles have'been Identified as shown
In Inclosure 1. They are listed In order of priority with
projected start and completion dates. This list Is not
considcrid all-inclusive .and is expected to change as the
study effort progresses. The priorities were based upon
subjective evaluations of relative Importance and the
perceived potential for doctrine Improvement In the near
t Imeframe.

5. The substudy shown as first priority in Inclosure 1
represents the main thrust of the carrier study program.
it will draw heavily on the data generated in the TRADOC
Standard Scenario Evaluation process. The study directive
and plan will be developed as the scenario evaluation effort
and time schedules are defined. In addition, a study plan
Is being written for the thaIntenance Categories substudy.
A directive Is beinig drafted for thu Technical Inspection/
Quality Control substudy, and comments are being prepared
on a draft study directive on the Adaptation of Commercial/
Lndustrial Maintenance Practices substudy.

FOR THE COMMANDER:

I Incl VERLE B. HAMMONDH as LTC, OrdC
Secretary

C> 2
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*

MAINTE14ANCE SUPPORT STRUCTURE
FOR DEPLOYED FORCES SUDSTUDI%

PRIORITY SUBSTUDY START FINISH

I Methodology for Rapidly 374 275-.
and accurately Tailoring
Maintenance Capability
to a Given Force

2 Maintenance Categories 274 275

(Note I)

3 Maintenance Standards 374 2.75

"Technical Inspection/ 275 176
Quality Control

5 Operational Readiness 474 375
Float Utilization and
Management

14 Recovery, Collection, 27'5 176'
Classification and
Disposal (Naote 2)

.7 Adaptation of Commercl~i 374 275
and Industrial iiaInten-

* ... nce Practices

8 Maintenance of 175 . 75
Propositioned Stocks

SDe letion o f Maintainab le 27i 176
Items from the Mainten-
ance e/stem for Deployed
Forces

NOTES: 1. Number Is quarter and fiscal year, I.e., 274 Is

2d quarter of FY74.

2. Substudy already begun by CDCHA. Currently In
period of little activity for the proponent.

I -*ub*t'udy-ry-4-ke+-y-to-i,.-Jt*corp~r-t.4- irn'-rne
or-r-mo ro- at- t h ev-p rmwd-ffrg--i+bte i,.L-,

A--14
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HAJ Scharberg/pa/5727

I. ,

ATSL-CTD-MS 5 DEC 1973

SUDJrCT: Combat Davelopment Study Plan: Maintenance Categories, a
Substudy of the Maintenance Support Structura for Contingoncy
For•e• Study. ACIl 21012

Comander
U. S. Army Logistics Center
ATTII: ATCL-CA
Fort Loc, Vir•inia 23801

, 0

1. Reference is made to:

a. Lettoer, ATCL-CA, LOGC, 10 Sep 73, subject" US Amry Loristics
*Center Study Directive; Haintenanco Support Structure for Doployed

Torceo, ACH 21012.

Letter, ATCL-CA, LOGC, 20 Sep 73, subject: US Army Logistics
Center Study Diroctive: .laintenanco Support Str•u-turao for Devloyed
rorcas.

a. Letter, ATSL-CTD-CS, this IIQ, 24 Oct 73, subject: !'aintenance
Support Structure for Deployed Forces, ACII 21012.

d. Letter, ATSL-CTD-CS, this HQ, 27 Nlov 73, subject: ikdntenance
Support Structure for Doploý,sd Forces, ACN 21012.

2. The inclosed study plan is submittod for approval in accord~nce with
references la and Ic.

3. The Maintenance Categories Substudy is one of the initial efforts to
be associated with the Haintenaune Support Structure for Continrency
rorces Carrier Study as outlined in reforance Id. The remainin! study
drft directiveG/plans will be submitted an shown in the inclosure to
reference Id.

FOR THE CO?*IAfDERt

I Inal VERLE B. HAIR!ION4D
as LTC, OI(dC

Soecretary
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DEPARTMENT OF THE ARMY
U. S. ARMY ORDNANCE CENTER AND SCHOOL

ADERDEEN PROVING GROUND. MARYLAND 2100S

11 SEP 1974

AMI,-CTD-CS

SUBJECT: Combat Development Study Plan: Maintenance Categories, a Substudy
of the Maintenance Support Structure for Contingency Forces Study,
ACN 21012

SEE DISTRIBUTION

1. HF=NCS. See Inclosure 1.

2. PURPOSE. Examine the current categories of maintenance to determine if new
commodity-oriented categories are necessary for operators and managers, at all
levels in the field, to plan, organize, and execute their maintenance functions.

3. TH1UAT CONSIMRATIONS. A threat appendix is not considered applicable for
the purpose of this study.

4. TRW OF HB•BS.

a. Problem.

(1) The categories of maintenance concept is one of the foundations of the
US Army maintenance system. It forms the basis for the allocation of maintenance
tasks and resources (supply personnel and personnel training, facilities and
tools and test equipment) and as such exerts significant influence on maintenance
unit organizations and structures and resources expenditures and distribution.

(2) Prior to the reorganization of the Department of the Army in 1962 there
were, to some degree, unique maintenance systems by equipment commodity. After
the functionalization of mainte•ance, most commodities were forced into a
common system with common categories. This produced the one-stop maintenance
support concept which continues to have a distinct advantage over previous concepts
as far as the customer units are concerrnd.

(3) During the past several years, there appears to be an evolutionary process
in action which is introducing unique, commodity-oriented maintenance systems.
Army aircraft and missile maintenance are prime examples of this shift. When
this trend is viewed in conjunction with the fact that certain commodities, such
as medical, cryptographic, and AM materiel have alwaqs utilized unique systems,

it becomes evident that the standard US Army system for maintenance is no longer
completely standardized, The latter systems are operating, however, in a

( • doctrinal environment which recognizes only limited exceptions.



(4) Since many facets relating to this subject cannot be completely
quantified, statistical inference techniques are of little value. Instead,
the study must be based upon the following research questions:

(a) Are the US Aray equipment commodity groupings sufficiently unique
to require unique or specially designed commodity-oriented systems of
maintenance categories?

(b) If unique commodity-oriented categories are necessary, what
should they consist of?

(c) If a commodity-oriented system of categories should be approved

for implementation, what other changes would be necessary?

b. Impact of Problem.

(i) The ability of maintenance managers to effectively and efficiently
utilize their resources is the crux of this problem. It is possible that
the current system of maintenance categories is less than satisfactory
and that this is a result of adhering to a standard system. This more or
less arbitrary conformance may have resulted in task allocations which are
neither practical nor efficient in the utilization of available tools,
test equipment, and skills.

(2) If the situation described above is true, improvement can be
achieved by recognizing that the basic differences between commodities
do impact upon maintenance stratification. If follows also, that if the
requirements differ, certain aspects of the maintenance system should also
differ. In this study, the maintenance categories will be examined
specifically to determine whether or not maintenance effectiveness and
efficiency and resou.ce distribution for all commodities can be improved.

(3) Any improvements achieved will impact significantly on the
maintenance system through better utilization of resources.

c. Objectives. The objectives of this study aret

(1) Analyze current doctrine as well as concepts from studies and
other literature which relate to the categories of maintenance.

(2) Define criteria for most effective and efficient maintenance task
allocation and resource distribution.

(3) Analyze maintenance task allocation for selected equipment.

(4) Formulate cosmmodity-oriented categories by arraying maintenance
tasks in accordance with the criteria developes in (2) above.

2
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(5) Evaluate the commodity-oriented system to determine whether or
not there are sufficient advantages to warrant change.

(6) Identify other changes required if commodity-oriented categories
of maintenance are adopted.

d. Limits.

(1) This study will consider all active US Army forces.

(2) OONUS installation maintenance activities (TDA) are excluded.

(3) Maintenance support provided other services and allies is excluded.

(4) All commodities less medical, crypto, ASA and nuclear will be
considered.

e. Scope.

(1) This study will investigate the US Army maintenance system in
terms of the categories of maintenance.

(2) Individual items of equipment will be analyzed in terms of
maintenance task allocation and resource distribution.

(3) All of the end items in the Army inventory will not be considered.
Those selected for analysis will be chosen in accordance with a valid
sampling plan.

(4) This study will be developed for the current timeframe.

f. Assumptions. The following assumptions will be accepted as facts
for the purpose of this study:

(I) The current austere fiscal environment will continue and may
become evan more severe.

(2) US Army contingency forces will be required to respond to any
world-wide crisis and sustain themselves for the duration of the crisis
regardless of the geophysical conditions present.

g. Essential Elements of Analysis (ERA).

(1) What is current doctrine or categories of maintenance by conmodity?

(2) What changes in the maintenance system are proposed by current/
on-going studies or research projects?

(3) What is current state of Maintenance Support Positive implementa-
tion in terms of maintenance categories and task allocation?

ii



(4) What are programmed Pnd anticipated actions in Maintenance Support
Positive implementation which mty impact on this study?

(5) What are currently used criteria for maintenance task allocation
by coamodity (NMP)?

(6) Ys the current Maintenance Allocation Chart (MAC) concept an
efficient method to indicate what maintenance is authorized or required
on an item of equipment?

(7) What are the criteria for commodity-orianted maintenance categories
which will insure system effectiveness ar'i efficiency?

(8) What special considerations, if any, are required in the categories
of maintenance to insure ccmplete realization of the EAD concept?

(•) What are the maintenance catego'iy implications created by the
Closed Loop System?

(10) Does Direct Exchange Expanded require special consideration and
accommodation in the maintenance categories system?

(11) What is the specific mission and functions of general support

maintenance by commodity?

(12) Are general support maintenance units too broad in capabilities?

(13) Is backup to direct support a viable mission for general support
maintenance units?

(14) How does combat environment affect the performance of organizational
maint-cnance?

h. Environment. The study will be developed for mid and high intensity
conflict.

i. Constraints. None.

J. Methodology. For planring purposes four phases have been identi-
fied as follows:

(1) Phase I. Literature Review and Preparation for Analysis Phase.

(a) Identify, assemble, and study related official publications,
technical articles and other studies. This will place the problem and
related factors in proper perspective and suggest other alternative
approaches to the problem. It will also reveal research already accomplished.

4



(b) Define the equipment commodities both in terms of TRADOC school
pproponency and USAMC Commodity Command assignment.

(c) Acquire and analyze current USAMC policies and procedures for
developing Maintenance Allocation Charts (MAC). These actions will
constitute the study baseline in terms of the current system of categories.

(d) Acquire and analyze the proposed Maintenance Support Positive
(MS+) criteria for allocating maintenance tasks and obtain copies of the
test Maintenance Allocation Charts (MAC) that have been developed to date.
The analysis of these criteria and test MAC will establish one variation
to the baseline.

(e) Select the commodity-oriented end item samples in accordance
with a predetermioned sampling plan. The TRADOC schools will be requested
to assist in this process in their respective areas of proponency. A
great deal of care will be exercised in order to insure valid samples,
yet keep the volume of MAC to be reviewed within a manageable quantity.
One technique to be utilized will be to analyze only the minimum MAC per
group of essentially like items. For example, SB 700-20, Army Adopted
Items of Materiel, lists eight line item numbers (LIN) and 19 Federal
Stock Numbers (FSN) for Truck, Cargo, 2 1/2 Ton. Several of these items
are type classified as contingency items, and of the remainder, the
distinguishing feature is usually the presence or absence of a winch
or whether or not the vehicle has an extra long wheel base. In this
case, it is expected that t o or possibly three items will be sufficient
for the 2 1/2 ton truck segment of the analysis. Similar situations
occur throughout the other categories of equipment.

(f) Identify and refine measures of effectiveness upon which to
base the study parameters for maintenance task allocation. These will
be designed to answer the question, "What maintenance tasks should be
done and how should it be done and how should resources be distributed
by level?" The USAMC procedures will be revised/changed or a completely
new set of measures of effectiveness will be developed as necessary.

(g) Refine the criterion of choice as stated in this study plan.
This criterion must be sufficiently sensitive to clearly distinguish
between the alternatives which will be developed in Phase II.

(2) Phase II. Maintenance Allocation Chart/Category Analysis.

(a) This step will consist of analyzing each MAC in the commodity
samples. Criteria in the form of a decision table, developed during
Phase I, will be used. In certain instances, the proponent school will
be requested to assist with this step.

(b) By commodity, array the results in alternative systems of
7, maintenance categories. One alternative will be the current system.

0-4



(c) Subject these alternatives to intensive ;pview to determine
the advantages and disadvanta g es of each.

(3) Phase III. 14)B/TO Analysis.

(a) Identify the nature and scope of required MOS changes. This
step anticipates the situation wherein the current maintenance categories
for an item or group of items are distinguished largely on the basis uZ skills
or skill levels. Consideration must then be given to the benefits which
might be derived from a change in the MOS(s).

(b) Identify the nature and scope of required TOE (organization) changes.

This step anticipates that for any recommended change in the maintenance
category system, there will be corresponding organizational changes.

....... "(4) Phase IV. Evaluation and Reconmendations.

(a) In light of the results from phases II & III, answer each REA.

(b) Apply criterion of choice and order alternatives in order of
preference.

(c) Compare favored alternative with current system. Make evaluation
concernirg the potential benefits to be derived from change when balanced
against the cost of making the change. This step will utilize the SOOMS
process evaluations to the madimum practicable extent. Certain of the
alternatives will be inserted into the standard scenarios and analyzed for
voids and weaknesses. This effort will be limited to the scerdrio evaluations
which are performed during the course of this .tudy effort.

(d) Prepare report.

k. Alternatives. The alternatives will range from the current system
to a completely commodity-oriented system with varying categories for each

commodity.

1. Measures of Effectiveness. The measures of effectiveness (MO4)
have not been defined and will be developed during the initial phase of the
study. The MOE will consist of a systematic procedure for assigning a value
to a system by taldng into account its relative rank in one or more relevant
factors. These factors will consist of measureable elements such as -numbers
of personnel, tools and test equipment, and time to repair. Int&ngible
factors such as motivation, supported/support unit rapport and the impact
of combat conditions will also be included.

A
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m. Related Studies:

(1) Army Aircraft Maintenance Structure (AAMS) (in process).

(2) Missile and Munitions Evaluation (MAME 71) Final Report, Dec 71.

(3) Maintenance Organizetional Structures for Support of the Army in
the Field, ACN 16172, Nov 71.

n. Criterion of Choice. Th-s criterion will be the end result of
the ranking process based on the measures of effXictiveness. Once the most
preferable of the alternative systems of caatgories has been identified,
it will be compared with the current system 4s specified by doctrine. A
value judgment will be made concerning the potential work of the new system
as opposed to the real and intangible costs associated with the introduction
of a major change into the US Army maintenance system.

5. SUPPORT AND MMURCE HSQUIFEMENZ.

a. Support Requirements.

(1) Support will be required from within TRADOC as follows:

(a) US Army Logistics Center.

1. Assist in coordination requirements with TRADOC service schools.

2. Conbinue to update information on status of lAD implementation.

1b) TRADOC associated service schools and centers.

1. Assist in selecting end item sample in accordance with
parameters provided by USAOC&S.

2. Assist as required in Maintenance Allocation Chart (MAC)
anelysis.

(2) Support. will be required from outside of TRADOC as follows:.

(a) DA DCSOG.

i. Provide information on current status as well as projected
actions relative to the Maintenance Support Positive concept implementation.

2. Authorize direct coordination with USA Logistics Evaluation
Agencry.

7
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(b) USAMo.

1. Authorize direct coordination with commodity commands,
Materiel Management Center, the Major Items Data Agency, and the US Army
Logistics Management Center.

2. Provide information on USAMO implementation of Maintenance

Support Positive (Ns+) concept.

(c) USAMC Commodity Commands.

1. Provide specific data on NMP procedures for allocating
maintenance tasks.

2. Provide cppies of latest changes to Maintenance Allocation
Charts (MIC) for items in the study sample.- .

Z. Provide information and available data on the anticipated
MAC changes in accordance with MS+. Specifically, data relating to cost
effectiveness methodology/criteria are required.

(d) US Army Major Item Data Agency. Provide density data required
for individual decisions on an end item's eligibility for inclusion in the
study sample.

(e) US Army Materiel Management Center.

Information and assistance as required.

b. Resource Requirements.

(1) USAOCW manpower requirements are projected as follows:

(a) 2d Qtr, F1 74 6 man months

(b) 3d Qtr, FY 74 8 man mronths

(c) 4th Qtr, FY 74 8 man months

(d) 1st Qtr, FY 75 8 man months

(e) 2d Qtr, F! 75 6 man months

(2) Manpower requirements other than USAOC&S are projected to be a
total of 12 man months.

c. Data Requirements. There are no known data requirements other than
those described in paragraphs Qj and 5a above.

8
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6. ALKNISTRATION.

a. Study Schwt-ile., See Inclosure 2.

b. Study Outliae.. See Inclosure 3.

c. Study Project Of'ficer. Major(P) Clifford L. Wollard, USAOC&.S,

AU'IOVON 870-5806/5824-
7. OORMLATION. This study has been assigned ACN 22189.

FOR TH CO0MA~NIER:

3 Incl
as LTC, OrdC

Secretary

DISTRIBUTION:
Cdr', USCINCFMD (1) Cdr, USA CD Exper Comd (1)
Cdr, USAMO, (1) Cdr', USACGSC (2)
Cdr, USAMO1SOOM (1) Cdr', USAAtS ( 1)
Cdr, TRADOC Cdi', USAARM~ (1)

(ATCD-SM) (1) Cd~r, USAAVNC/SCH (1)
ATCD)(2 Cdr, USAES (1)
ATC.F) (2) Cdr', USAFAS (1)
ATCD-O (1) Cdr, USANMCS ( 1)
ATIM.-M) (1) Cdr', USAIS (1)
ATLG-PPGý (1) C~di, USA(*S (i1)
AMDRI-IT) 1 Cdr', USASESS, ( 1)
ATTS~-IT) (1) Cdr', USASCS (i)
A'I¶'B-PR) (1) Cdr', USAT1SCH (1)
ATFE) (1) Cdr', USA Intel Cen &Sch (1)

Cdr, USACACDA (5)
Cdr, LOOC (5)
Cdr', USAPACDA (3)



ANNEX 1

1. AR 11-14, Logistics Readiness, 7 June 1968.

2. AR 220-1, Unit Readiness Reporting, 30 May 1973.

3. AR 310-3, Military Publications. Coordination and Approval of Department

of the Ary Publications, 20 December 1968.

4. AR 310-25, Dictionary- of United States Army Terms, I June 1972.

5. AR 700-4, Supply and Maintenance Technical Assistance Program,

10 February 1971.

6. AR 750-1, Army Materiel Maintenance Concepts and Policies, 1 May 1972.

7. AR 750-37, Sample Data Collection-The Army Maintenance Management

System. 24 March 1971.

8. AR 750-43t Test. Measurement, and Diagnostic Equipment, 3 March 1971.

9. AR 750-51, Maintenance Assistance and Instruction Team (MAIT) Program,

* 31 March 1972.

10. AR 750-52, Equipment Operationally Ready Standards, 20 September 1974.

11. DA PAM 11-25, Life Cycle Management Model for Army Systims, 11 October

1968.

12. DA PAM 350-23, Commander's Maintenance Management Course, 1 May 1972,

13. DA PAM 350-24, Maintenance Supervisor's Courset 1 May 1972.

14. DA PAM 701-I, 2 and 3, The Army Logistics System Master Plan (LOGMAP),

July 1973.
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15. FM 1-10, Army Aviation OrRanizational Aircraft Maintenance, 20 September

1965.

16. FM 9-59, MiUssile Suort Unit OPe•rti ns, 26 March 1970.

17. FM 10-417, Airdrop Eauipment Repair and Supply Compa, 20 April 1972.

18. FM 29-2, Organizational Maintenance Manaement, 26 August 1971.

19. FM 29-20, Maintenance Management in Theaters of Operations, 26 July

1968.

20. FM 29-23, Direct Support Maintenance Battalion (nondivisional),

7 September 1971.

21. FM 29-24, General Supprt Maintenance Battalion, 20 December 1971.

22. FM 29-25, Direct Exchar&e. Shop Supply, and Operational Readiness

Float Procedures, 3 March 1972.
23. FM 29-27, Calibration Service in the Theater of Oerations, 29 September

1971.

24. FM 29-30, Ma tenance Battalion ,an Company Operations in Divisions

and Separate Brigades, 26 July 1968.

25. FX 29-30-1, Division Maintenance Battalion, 2 September 1971.

26* FM 29-35, Maintenanc_ Subport in Separate Brigades, 6 January 1972.

27. FM 29-36, Aircraft Maintenance NUDort, 12 June 1972.

28. FM 38-1, LodItics ManaeIment, 21 March 1969.

29. FM 38-5, Logistics - antenance Mangement, 16 May 1969.

40) FM 54.-1, T-he Lg&istcal 22rMMand, 27 July 1962.

31. PH 542, 2The -Divion Sudtgort o2mma, a=c Separate Brigadg &U=2E

Battalion, 27 June 1969.
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32. FM 54-7t The Theater Army Support Command, 3 March 1972.

33. FM 54-9, The Corps Support Command (Draft).

34. FM 100-10, Combat Service Support (Draft).

35. SB 700-20, Araf Adopted and Other Items of Materiel Selected for

Authordzation, 20 December 1973.

36. TM 38-750, Thc Army Maintenance Management System (TAM1), November 1972.

37. TM (Those containing the Maintenance Allocation Chart (MAC) for each

end item to be anal3zed).

38. USA Ar-or Center Team Study, Army Maintenance System Si&plification.."

August 1972.

39. USACDC PAM 71-1, Force Developents-The Measurement of Effectiveness,

January 1973.

40. USACDC Study, ~ptid Integrated Logistics Support System (RILS) ACN

17902, October 1972.

41. USACDC Study, Echelons Above Divisions (EAD) ACN 16863, December 1971.

42. USACDC Study, Maintenance Organizational Structures for Support of

the Army in the Field. ACN 16172, (Final Draft) November 1971.

43. 1USACDC Study, Fintenance - 75. ACN 6500 (Final Draft. S3eptember 1968.

44. USA Dept of the Arr Study, The DepRA nt-or tile Arny Board of

Inquiry on the Logistics .ystem, January 1967.

45. 15A Missile mad Munitions Center Team Study, Missile and Munitions

Evaluation N November 1971.

46. USA Vietnam Report, The Logistics Review - US Army Vietnam. 1965 to
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SIUDY SCHEDULE

Receipt of approved Study Directive Oct '/3

Submission of Study Plan Dec 73

Study Plan approved May 74

Literature Review/Preparation for Analysis Aug 74

Level of Repair Analysis (LORA) Sep 74

MES/T0E Analysis Oct 74

Draft Study/kLternatives Nov 74

External Coordination/Revision Jan 75

COEA/SOO1w Mar 75

Coordination lhDaft May 75

Final Study Submission Jun 75
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STIDY OUTLINE

SUBJECT: MAINTENANCE CACGORIES, A SUBSTUDY OF T! MAIN'ENAN(C SUPPORT
STRUC'ITUR FOR CONTINCENCY FORCES.

I. INTRODUCTION

II. PROBLEM

III. ASSUMPTIONS

IV. DISCUSSION

A. BACKGROUND

B. PRVIOUS AND CURRNT I9LATD STUDY EFFORTS

C. nFINITION OF EQUIPMENT CATEGORIES

D. IEVELOPMENT OF ANALYSIS METHODOLOGY

"1. EVALUATION OF CURRENT AMO POLICIES AND PROCEIDURE

2. EVALUATION OF PROPOSED AMC PROCEDURES FOR MAINTENANCE ALLOCATION CHART
(MAC) RVISION IN MAINTENANCZ SUPPORT POSITIVE (MB+) IMPLEMENTATION

3. REVIEW MS+ TEST MAC'S

4. DEFINE MLASURJS OF EFPFCTIVENESS

5. DEVELOP MAINTENANCE TASK ALLOCATION IUCISION TABLE

E. SELECTION OF COMMODITY SAMPLES

1. SAMPLING PLAN, RATIONALE AND MTHODOLOGY

2. SELECTION PROCESS

3. COLLECTION OF APPLICABLE MAC FOR ITEMS IN THE SAMPLE

F. MAINTENANCE TASK ANALYSIS

1. ANALYZE EACH MAC

2. ALLOCATION OF MAINTBNAN(E TASKS IN ACOORDANCE WITH IECISION TABLE

3. DEVEL.OPMbENT OF ALTRNATIVE CATEGORY SYSThM BY COMf1DITY



H. EVALUATION

1.. ANW3R IMA

2. APPLICATION OF CRITERION OF CHOICS

3. OONCLUSIOR~S
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ATT-AS-20127 DEC 1373
SUBJECT: Maintenance Support Structure for ContingencyForces, ACN! 21012

Coummander
US Army Ordnance Center and SchoolATTI.! ATSL-CTD-CS
Aberdeen Proving Ground, Maryland 21005

1. Reference, letter, ATSL-CTD-CS, your headqua;:ters,
27 November 1973, subject as above.

2. Concur with your approach to the ,Iaintenanc,'i Support
Structure for Contingency Forces study effort.

3. DD Forms 1498 and milestone charts for this carrier
study and substudies should be forwarded to this Center,
AT'TlJ ATCL-CA, for inclusion in the LOCC Progra°m.
Request this action be completed NLT 21 Dec 73.

FOR TUE CODLAANDERs.

X
N-

HERBERT T. CASEY, JR.
Colonel, GS
Director, Concepts'& Doctrine
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"DEPARTMENT OF THE ARMY
UNITED STATES ARMY LOGISTICS CENTER

FORT LKEEVIRGINIA 23801

t 3 /f~v .974
ATCL-CDD

SUBJECT: Combat Development Study Plan: Maintenance Categories

Commandant
US Army Ordnance Center and School
ATTN: ATSL-CTD-CS
Aberdeen Proving Ground, Maryland 21005

1. Subject study plan (Incl 1) has been reviewed and comments
are provided on the inclosed DA Forms 2028 (Incl 2).

2. Request you revise the study plan accordingly and proceed
with the conduct of the study. DD Form 1498 should be revised
-to reflect adjusted manpower in para 5b, Incl 1 and be
submit,.ted to this Center (ATTN: ATCL-CA).

3. This study impacts on Manpower Authorization Criteria
(MACRIT), The Army Authorization Document System (TADS), the
MOS structure, skills and service school program of instruction.
These factors should be considered throurjiout the course of
the study.

FOR THE COMMANDER:

2 Incl .HERBERT T. CASEY, JR.
as Colonel, GS

Director, Concepts and Doctrine

A-17
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RtCO,.k.kENDED CHAN.;ES TO PUBLICAT.OHS uI . r- i ,,, *,,,, .ide) for Rtpu Pa, 11rt. d
.vo of I. ole lop., i AR 310ij *0 proponent 2 y Spo5,'1 T.,,4a ,. -to (RPSTL) and SupplrCeata

Sa " d, c......i * , 0'l . . oLot/Supjy "I 4nualb (SC/SM) 30 April 74
"Os (P• aerd te so, ieRpDmnt at DW#W11C.1w (I.4lude ZIP Cod*), PROW4, (A I•,ity 4.nd Jedatiw%, (10191"o ZIp Cedej

Commandant USALOGC
US Army Ordnance Center and School Fort Lee, Virginia 23801
ATTN: ATSL-CTD-CS
Aberdeen PG, MD 21005

PART I ALL PUBLICA.TIONS EXCEPT RPSTL AND SC, SJA

P~t~~tOTlUUT~ ATE TITLE

Combat Developments Study
ACN 21012 1 19 Mar 74 Plan: -Iaintenance Categoyries

ITEM PAGE PARA. LINE rIGUAIE TALE €ICOMMENOO CHANGES AMOIEASON
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tributed by level?

Reason: The alloca~tion of tasks and
resources to fulfill the total mainte-
nance mission must be a completely un-
emotional action taking into account
training capabilities, economics of tools
and test equipment distribution, Class IX
economical distribution, equipment design
charactoristics, economics of major item
distribution, and eissential inatcriel
roadinwss or avikilability requirements.

o ftis.nIptA in. Iite nu b,, 11 UIA ithin IJh* pase a ,t or~ ,~i~.
TV1Q1Am.GMAV4,.vA TITLE Apfj TELEPHON9 HUMMER )IGNATUAE,

Fjn nli~r.PLAC~b M4A POP** 2024. 1 'On~ a. 0*40 06 POR0 1"41, 1 IM O I II. W-06cf£.1 a t ~£ SulC



RECO'.1,9EMDED CHANGES TO PUBLICATI MS Uue Port i1 (avmen& owd.) hr Sepal, Parts Doaw T

P. we *I Al ism, oee AN 3104s 6 pevveap emw s po." 9A Toaol .;* (31sWTL) OWd Supplj CaZ

Comsdand~nt " USALO{3C
US Army Ord•annce Canter aid School Fort Leo., ¶trgin.n 23l01

ATTIlt ATSL-CTD-CS
Pbd•-, 411 .... W, . : ALL PULIC.ATHM eXCEPT IPSTL ANO SC/SM

UIATIN NUMEN 1DATIE Tii

I- ICombat Developments Study
ACN 21012 -... 19 Mar 74 IPlan: Maintenance Categories

£IU8 PA42 PAMA, Ilseg PCOURR TAOLN 06COMMWV4OU0 CKAWgK* AND EAZAZO

w.*........ se. MO f e ad ,.ai aed A m e diw |,

13 6 4J(4) General Comment: The Living Model has
(c) been replaced by the SCORES Process.

Explanation of the use of the SCORES
Process needs to be more specific.

14 A-I Ref 10. Change date to "20 Sep 1974."
12. Rescinded.
16. Rescinded.
37. Change date to *20 Dec 1973."

"ATURA

VVV&` NAeig. SMADE.A0 TIVL9 A 14O C CP14 0I "UM 89N

A PAftr. MC#VIEe% U rA cas AC6 Poo .omseG, I.rnv so, .. 0 *a room so". I oe 0"406. &w.w L ag woo*



lowSUBJECT: Combat Development Study Plan: Maintenance Categories, a
Substudy of the Maintenance Support Structure for Contingency
Forces Study, ACN 21012

1. REFERENCES. See Inclosure 1.

2. PURPOSES. Examine the current categories of maintenance to
determine if new commodity-oriented categories are ne~cessary for
managers, at all levels in the field, to plan, organize, and execute
their maintenance functions.

3. THREAT CONSIDERATIONS. A threat appendix is not considered appli-
cable. For the purpose of this study, the enemy threat is sufficiently
well known. In the event that a specific facet of the study requires
evaluation in terms of the threat, a special review will be accomplished
and included as an appendix.

4. TERMS OF REFERENCE:

.a. PROBLEM:

(1) The categories of maintenance concept is one of the foundations
of the US Army main~.enance system. It forms the basis for the allocation
of maintenance tasks and as such exerts significant influence on main-
tenance unit organizations and structure.

(2) Prior to the reorganization of the Dept of the Army in 1962
there were, to some degree, unique maintenance systems by equipment
commodity. After the functionalization of maintenance, most commodities
were forced into a common system with common categories. This produced
the one-stop maintenance support concept which continues to have a
distinct advantage over previous concepts as far as the customer units
are concerned.

(3) During the past several years, there appears to be an evolution-
ary process in action which is introducing unique, commodity-oriented
maintenance systems. Army aircraft and missile maintenance are prime
examples of this shift. When this trend is viewed in conjunction wfth
the fact that certain commodities, such as medical, cryptographic, and
ADPE materiel have always utilized unique systems, it becomes evident
that the standard US Army system for maintenance is no longer completely

* standardized. Rather, it is approaching the earlier commodity-oriented
systems. The latter systems are operating, however, in a doctrinal
environment which recognizes only limited exceptions.



(4) Since many facets relating to this subject cannot be completely
quantified, statistical inference techniques are of little value.
Instead, the study must be based upon the following research questions:

(a) Are the US Army equipment commodity groupings sufficiently
unique to require unique or specially designed commodity-oriented systems
of maintenance categories?

(b) If unique commodity oriented categories are necessary, what
should they consist of?

(c) If a commodity-oriented system of categories should be approved
for implementation, what other changes would be necessary?

b. Impact of Problem.

(1) The abil-ity of maintenance managers to effectively and efficiently
utilizc their resources is the crux of this problem. It is possible
that the current system of maintenance categories is less than satis-
factory and that this is a result of adhering to a standard system. This
more or less arbitrary conformance may have resulted in task allocations
which are neither praictical nor efficient in the utilization of available
tools, test equipment, and skills,

(2) If the situation described above is true, improvement can be
achieved by recognizing that the basic differences between commodities
do impact upon maintenance requirements. It follows also, that if the
requirements differ, certain aspects of the maintenance system should
also differ. In this study, the maintenance categories will be examined
specifically to determine whether or not maintenance effectiveness and
efficiency for all commodities can be improved.

(3) Any improvements achieved will impact significantly on the
maintenance system through better utilization of resources.

c. Objectives. Thie objectives of this study are:

(1) Analyze current doctrine as well as concepts from studies and

other literature which relate to the categories of maintenance.

(2) Define criteria for most effective and efficient maintenance
task allocation.

(3) Analyze maintenance task allocation for selected equipment.

K (4) Formulate commodity-oriented categories by arraying maintenance
tasks in accordance with the criteria developed in (2) above.

2



* (5) Evaluate the commodity-oriented system to determine whether or
not there are sufficient advaatages to warrant change

(6) Identify other changes required if commodity-oriented categories
of maintenance are adopted.

d. Limits.

(1) This study will consider all active US Army forces.

(2) CONUS installation maintenance activities (TDA) are excluded.

(3) Maintenance support provided other services and allies is excluded.

(4) All commodities less medical, crypto, ASA and nuclear will be
considered.

e. Scope.

(1) This study will investigate the US Army maintenance system in
terms of the categories of maintenance.

(2) Individual items of equipment will be analyzed in terms of main-
tenance task allocation.

(3) All of the end items in the Army inventory will not be considered.
Those selected for analysis will be chosen in accordance with a valid
sampling plan.

(4) This study will be developed for the current time frame.

f. Assumptions. The following assumptions will be accepted as facts
for the purpose of this study:

(1) The current austere fiscal environment will continue and may
become even more severe.

(2) The basic organizations and strengths of the type divisi(ins
will not be altered significantly during the period covered by this study.

(3) Contingency forces as addressed in this study consist of all
* active US Army forces.

(4) US Army contingeney forces will be required to respond to any
world-wide crisis and sustain themselves for the duration of the crisis
regardless of the geophysical conditions present.

-~ .'3



j.Essential Elements of Analysis (EEA).

(1) What is current doctrine on categories of maintenance by commodity?

(2) What changes in the maintenance system are proposed by current/
OciGoinp studies or research projects?

(3) What is current state of Maintenance Support Positive implemen-
tation in terms of maintenance categories and task allocation?

(4) What are programmed and anticipated actions in Maintenance

Support Positive implementation which may impact on this study?

(5) What are currently used criteria for maintenance task allocation
by commodity (NI4P)?

(6) What are, the criteria for commodity-oriented maintenance categories

which will insure system effectiveness and efficiency?

(7) What special considerations, if any, are required in the
categorios of maintenance to insure complete realization of the EAD concept?

(8) What are the maintenance category implications created by the

Closed Loop System?

*(9) Does DX Expanded require special consideration and accom-
modation in the maintenance categories system?

(10) What is the specific mission and functions of general support

maintenance by commodity?

(11) Are general support maintenance units too broad in capabilities?

(12) Is backup to direct support a viable missioh for general suppo~rt
maintenance units?

(13) How does combat environment affect the performance of organ-
izational maintenance?

h. Environment. The study will be developed for mid and high

intensity conflict.

i. Constraints. None.

J. Methodology. For planning purposes four phases have been identi-
fied as follows:

4



(1) Phase I. Literature Review and Preparation for Analysis Phase.

(a) Identify, assemble, and study related official publications,
technical articles and other studies. This will place the problem and
related factors in proper perspective and suggest other alternative
approaches to the problem. It will also reveal research already
accomplished.

(b) Define the equipment commodities both in terms of TRADOC school
proponency and USAMC Commodity Command assignment.

(c) Acquire and analyze current USAMC policies and procedures for
developing Maintenance Allocation Charts (MAC). These actions will constitute
the study baseline in terms of the current system of categories.

(d) Acquire and analyze the proposed Maintenance Support Positive
(MS+) criteria for allocating maintenance tasks and obtaia copies of the
test Maintenance Allocation Charts (MAC) that have been .Ieveloped to date.
The analysis of these criteria and test MAC will establish one variation
to the baseline.

(e) Select the commodity-oriented end item samples in accordance
with a predetermined sampling plan. The TRADOC schools will be requested
to assist in this process in their respective areas of proponency. A
great deal of care will be exercised in order to insure valid samples,
yet keep the volume of MAC to be reviewed within a manageable quantity.
One technique to be utilized will be to analyze only the minimum MAC per
group of essentially like items. For example, SB 700-20, Army Adopted
Items of Materiel, lists eight line item numbers (LIN) and 19 Federal
Stock Numbers (FSN) for Truck, Cargo, 2 1/ý Ton. Several of these items
are type classified as contingency items, and of the remainder, the
distinguishing feature is usually the presence or absence of a winch
or whether or not the vehicle has an extra long wheel base. In this
case, it is expected that two or possibly three items will be sufficient
for the 2 1/2 ton truck segment of the analysis. Similar situations occur
throughout the other categories of equipment.

(f) Identify and refine measures of effectiveness upon which to
base the study parameters for maintenance task allocation. These will be
designed to answer the question, "who should do which maintenance task
and at which level (category)?" The USAMC procedures will be revised/
changed or a completely new sat of measures of effectiveness will be
developed as necessary.

(g) Refine the criterion of choice as stated in this study plan. A

This criterion must be sufficiently sensitive to clearly distinguish
between the alternatives which will be developed in Phase II.

5
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(2) Ph'3e 11. Maintenance Allocation Chart/"iategory Analysis.

(a) This step will consist of analyzing each MAC in the commodity
samples. Criteria in the form of a decision table, developed during
Phase 1, will be used. In certain instances, the proponent school w~ill
be requested to assist with this step.

(b) By commodity, array the results in alternative systems of
maintenance categories, One alternative will be the current system.

(c) Subject these alternatives to intensive review to determine

the advantages and disadvantages of each.

(3) Phase III. MOS/TOE Analysis.

(a) Identify th'. nature and scope of required MOS changes. This
step anticipates thie situation wherein the current maintenance categories
for ani item or group of items are distinguished largely on the basis of
skills or skill levels. Consideration must then be given to the benefits
which might be derived from a change in the MOS(s).

(b) Identify the nature and scope of required TOE (organization)
changes. This stop anticipates that for any recommended change in the
maintenance category system, there will be corresponding organizational
changes.

(4) Phase IV. Evaluation and Recommendations.

(a) In light of the results from phases II & III, answer each EEA.

(b) Apply criterion of choice and order alternatives in order of

preference.

Wc Compare favored alternative with current system. Make evaluation
concerning the potential benefits to be derived from change when balanced
against the cost of making the change. This step will utilize the Living
Model Scenario evaluations to the maximum practicable extent. Certain
of the alternatives will be inserted into the standard scenarios and
analyzed for voids and weaknesses. This effort will be limited to the
secnario evaluations which are performed during the course of this study
effort.

(d) Prepare report.

k. Alternatives. The alternatives will range from the current
system to a completely commodity oriented-system with varying categories
for each commodity.
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1.Measures of Effectiveness. The measures of effectiveness (MOE)
have not been defined and will be developed during the initial phase of
the study. The MOE will consist of a systematic procedure for assigning
a value to a system by taking into account its relative rank in one or
more relevant factors. These factors will consist of measureable elements
such as numbers of personnel, tools and test equipment, and time to
repair. Intangible factors such as motivation, supported/support unit
rapport and the impact of combat conditions will also be included.

m. Related Studies:

(1) Army Aircraft Maintenance Structure (AAMS) (in process).

(2) Missile and Munitions Evaluation (MAME 71) Final Report, Dec 71.

(3) Maintenance Organizational Structures for Support of the Army
in the Field, ACN 16172, Nov 71.

n. Criterion of Choice. This criterion will be the end result of
the ranking process based on the measures of effectiveness. Once the most
preferable of the alternative systems of categories has been identified,
it will be compared with the current system as specified by doctrine.
A value judgement will be made concerning the potential worth of the new
system as opposed to the real and intangible costs associated with the
introduction of a major change into the US Army maintenance system.

5. SUPPORT AND RESOURCE REQUIREMENTS.

a. Support Requirements.

(1) Support will be required from within TRADOC as follows:

(a) US Army Logistics Center.

1. Assist in coordination requirements with TRADOC service schools.

2. Continue to update information on status of EAD implementation.

(b) Transportation, Quartermaster, SE Signal, Missile and Munitions,
Engineer Schools and Centers.

1. Assist in selecting end item sample in accordance with
parameters provided by USAOC&S.

2. Assist as required in Maintenance Allocation Chart (MAC)

analysis.

(2) Support will be required from outside of TRADOC as follows:

(a) DA DCSLOG.



1. Provide information on current Rtatus as well as projected
actions relative to the Mairtenance Support Positive concept implementation.

2. Authorize direct coordination with USA Logistics Evaluation

Agency.

(b) USAMC.

1. Authorize direct coordination with comnodity commands,
Materiel Management Center, the Major Items Data Agency, and the US Army
Logistics Management Center.

2. Provide information on USAMC implementation of Maintenance
Support Positive (MS+) concept.

(c) USAMC Commodity Commands.

1. Provide specific data on NMP procedures for allocating
maintenance tasks.

2. Provide copies of latest changes to Maintenance Allocation
Charts (MAC) for items in the study sample.

3. Provide information and available data on the anticipated
MAC changes in accordance with MS+. Specifically, data relating to
cost effectiveness methodology/criteria are required.

(d) US Army Major Item Data Agency. Provide density data required
for individual decisions on an end item's eligibility for inclusion in
the study sample.

(e) US Army Materiel Management Center.

Information and assistance as required.

b. Resource Requirements.

(1) USAOC&S manpower requirements are projected as follows:

(a) 2d Qtr, FY 74- 6 man months

(b) 3d Qtr, FY 74- 8 man months

(c) 4th Qtr, FY 74- 8 man months

(d) lot Qtr, FY 75- 8 man months

(e) 2d Qtr, FY 75- 6 man months

8
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(2) Manpower requirements other than USAOC&S are projected to be

Stotal af 12 man months.

c. Data Requirements. There are no known data requirements other

than those described in paragraphs 4.j. and 5.a. above.

6. ADMINISTRATION:

a. Study Schedule. See Inclosure 2.

b. Study Outline. See Inclosure 3.

c. Study Project Officer. MAJ Carry A. Scharberg, USAOC&S, AUTOVON

870-5727.

7. CORRELATION. This study has been assigned ACN 21012.

I 9
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STUDY SCHEDULE

Receipt of approved Study directive D Day

Submission of study plan D +75

Initial IPR (study plan approval) D +100

2d IPR (midpoint review) D +280

Coordination draft D +380

Final IPR (LOGC decision briefing) D +430

Final Draft Report D +450
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STUDY OUTLINE

SUBJECT: MAINTENANCE CATEGORIES, A SUBSTUDY OF THE MAINTENANCE SUPPORT

STRUCTURE FOR CONTINGENCY FORCES.

I. INTRODUCTION

11. PROBLEM

III. ASSUMPTIONS

IV. DISCUSSION

A. BACKGROUND

B. PREVIOUS AND CURRENT RELATED STUDY EFFORTS

C. DEFINITION OF EQUIPMENT CATEGORIES

D. DEVELOPMENT OF ANALYSIS METHODOLOGY

1. EVALUATION OF CURRENT AMC POLICIES AND PROCEDURES

2. EVALUATION OF PROPOSED AMC PROCEDURES FOR MAINTENANCE ALLOCATION
* CHART (MAC) REVISION IN MAINTENANCE SUPPORT POSITIVE (MS+)

IMPLEMENTATION

3. REVIEW MS+- TEST MAC'S
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APPENDIX B

ESSENTIAL ELE4ENTS OF ANALYSIS

B-I. What is current doctine on categories of maintenance by

commodity?

A. Current doctrine on commodity-oriented maintenance is

discussed Is subparagraphs 1-7b(3), 2-4b, and 2-13a(3)(a), in

Chapter 5, and in Appendixes B through I of AR 750-1, Army Materiel

Maitenance Ccncepts and Policies.

B-2. What changes in the maintenance system are proposed by

current/ongoing studies or research projects?

A. The Comodity-Oriented General Support Study (ACN 23145,

successively renamed Combat Oriented General Support, then

Restructured General Support) propuses that commodity-oriented

general support maintenance elements replace existing types of

* ,general support maintenance units. The Restructured Division Study

(ACN 29825) proposes that organizational maintenance in the

division be reorganized and that limited direct support maintenance

capability be co-located with organizational maintenance capability

in the maneuver elements of the division.

B-3. What is the current state of Maintenance Support Positive

implementation in terms of maintenance categories and task

* allocation?

A. DA Circular 750-34, Maintenance of Supplies and Equipment,

Maintenance Support Positive (M+), Army Maintenance for the

Seventies, has expired, and the USAMC study "Evaluation of the

B-I
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Implementation of Maintenance Support Positive (MS+)" has been

withdrawn from the Army Logistics System Master Plan (WOGMAP).

B-4. What are currently used criteria for maintenance task

allocation by commodity (NZ4P)?

A. Efforts to obtain definitive criteria from the DARXOM

national maintenance points proved to be unsuccessful in all cases.

B-5. Is the current maintenance Allocation Chart (MAC) concept an

efficient method to indicate what maintenance is authorized or

required on an item of equipme~nt?

A. When the guidance in TM 38-715-1 pertainin~g to the

preparation of a MAC is followed conscientiously and completely

during such preparation, the resulting MAC is an efficient and

effective mea~ns of indicating what corrective maintenance is

authorized on an item of equipment. The MAC is not intended to

show all required mainitenance; scheduled maintenance is listed

separately in the Organizational Maintenance Technical Manual under

the hadading "Preventive Maintenance Checks and Services".

B-6. What are the criteria for commodity-oriented maintenance

categories which will insure system effectiveness and efficiency?

A. The criteria for developing commiodity-or iented maintenance

concepts are outlined in subparagraphs 2-4b,c,d, and e of AR 750-1.

* B-7. What special considerations, if any, are required in the

categories of maintenance to insure comiplete realization of the EAD
$ concept?
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A. 1. Doctrine relative to EAD and Combat Service Support is

still being defined. However, FM 54-9, Corps Support Comfard,

April 1976, has been distributed widely, and this Field Manual

provides some reasonably specific information relative to the EAD

concept. The major impact of this concept is 'n Combat Service

Support, where it eliminates the Field Army Support Comnand

(FASCOM) and its subordinate Support Brigades, and replaces them

with a Corps Support Command (COSCOM).

2. Review of the Maintenance Services Chapter of FM 54-9

reveals that all maintenance DS battalions within the COSCCM

provide DS maintenance and repair parts supply to equipment users

on a functionalized basis. Maintenance GS battalions also provic'e

maintenance support on a functionalized basis (except for the

transportation aircraft maintenance GS battalion). However, these

GS battalions have no repair parts supply mission and they

function, primarily, to perform GS maintenance on unserviceable

components in support of the supply system.

3. Accordingly, pending the possible development of more

specific and/or comprehensive doctrine, no special considerations

are required in the categories of maintenance to insure realization

of the EAD concept.

B-8. Vihat are the maintenance category implications created by the

Closed Loop System?

A. The Closed Loop System provides for intensive management ofI, selected maintenance repair parts. This intensive management
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results in improved availability of, and consequently more timely

maintenance repairs which involve, these repair parts. These

advantages exist regardless of the categories which are utilized or

not utilized in the maintenance concepts pertaining to such

repairs.

B-9. Does Direct Exchange Expanded require special consideration

and accommodation in the maintenance categories system?

A. The standard Direct Exchange System now incorporates the

provisions of the former Direct Exchange Expanded system. Thus, it

is organized to involve all four maintenance categories. However,

the categories at which a DX module may be exchanged are limited to

the category at which the Maintenance Allocation Chart (MAC)

authorized the repair of that module, and any lower support

maintenance category. Consequently, the Direct Exchange System is

accomodated by proper Maintenance Allocation Charts rather than by

the maintenance categories system.

B-10. What is the specific mission and function of general support

maintenance by commodity?

A. Appendixes B through I of AR 750-1 describe current

maintenance concepts for commodity groupings which encompass the

majority of Army materiel. 7te specific mission of general support

maintenance, as stated in Table 1-2 of AR 750-1 is:

1. Support of lower category maintenance and installation/Army

or local area supply operations by:

B-4
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a. Repair of unserviceable modules in support of DX service to

W lower category maintenance activities.

b. Repair/modification of end items/modules for return to

installation/command/local area supply stocks; operational

readiness float stocks of designated direct support units and other

activities; and repair and return to user programs.

c. Provision to, or upon the request of, supported DS

maintenance units of technical assistance, on-site maintenance and

contact team support.

2. Provision, on an exception basis, of area maintenance

support, to include technical assistance, on-site maintenance and

contact team support, when also assigned a DS maintenance mission

where the density of supported units does not justify assignment of

a DS maintenance unit.

B-li. Are general support maintenance units too broad in

capabilities?

A. This question was addressed in a separate study (ACN

23145), originally entitled Commodity Oriented General Support,

subsequently renamed Combat Oriented General Support, and now

called Restructured General Support. That study 'oncluded that

advantages •uild accrue from limiting the scope of a GSU's

maintenance activities to just one of a few relatively narrow

commodity groupings, such as armament and combat vehicles, wheeled

vehicles, communications/electronics, or ground support equipment.

B-5
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B-12. Is backup to direct support a viable mission fuz -,neral

support maintenance units?

A, The General Support Maintenance mission statements

contained in Table 1-2 of AR 750-1 indicate that "Provision to, or

upon the request of, supported DS maintenance units of technical

assistance, on-site maintenance and contact team support" is a

normal mission for general support maintenance. Ithe COGS Stu~dy

(see answer to B-li above) support concept perpetuates and expands

this backup mission relationship.
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APPENDIX C

MAINTENANCE SYSTEM HISTORY

C-1. EVOLUTICN OF ARMY MAINTENANCE.

a. As long as there have been machines for the waging of war,

it is certain that some type of maintenance has been accomplished.

In the American military establishment, armorers and artificers

were a part of the earliest organizations. However, the history of

the maintenance function is difficult to trace because little has

been written on the subject. This can be attributed at least

partially to the fact that maintenance is not easily quantified,

and therefore it does not lend itself to being recorded in the same

manner as supply and procurement.

b. The first World War ushered-in the modern era of Army

logistics. That conflict served as a catalyst in the mechanization

of military materiel through its introduction and wide spread use

of the internal aombustion engine in tanks, aircraft, and wheeled

vehicles. Other advance,, c'ich as the machine gun greatly increased

the mechanization of Ls Army materiel and corcespondingly increased

requirements for its maintenance. The maintenance doctrine of that

era evolved along technical service lines. Each of the five

"supply arms and services" (Ordnance, Quartermaster, Engineer,

Signal, and Chemical) developed some degree of responsibility for

the maintenance of the materiel for which it was the proponent.

The greatest share of the maintenance activity was assigned to the

Ordnance Corps because of its mission in small arms and artillery.
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c. During World War I, the Ordnaace Corps relied primarily on

a systam of base and semi-fixed shops. These were designed to

support the artillery pieces, gun carriages, trucks and tractors,

machine guns, and small arms required by a force of two million

nen. In addition to these fixed facilities, there were mobile

repair shops. These were organized in companies and were organic

to the combat force being supported. Although provisions were made

for battalion-like organizations, it was not until the advent of

VaKII that battalion and group headquarters were authorized.

d. During the period between the two World Wars, both the

Quartermaster Corps (Motor Transport Service) and the Ordnance

Corps developed maintenance doctrine. Each set up a maintenance

system which included a structure of different levels at which

maintenance tasks were allocata.d (assigned to be performed). The

Quartermaster Corps system contained four levels, while the

Ordnance Corps had three. These structures differed only in the

fact that the Quartermaster system differentiated between the crew

or operator and organizational maintenance personnel at using unit

or organizational level. In 1942, the responsibility for motor

transport maintenance was transferred to the Ordnance Corps which

combined the two systems and established five levels known as

echelons. Since the Ordnance Corps was responsible for the vast

majority of the maintenance function from 1942 until the

reorganization of the Army in 1962, its name became pLactically

synonymous with the maintenance mission.

C-2
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e. At the beginning of world War II, Ordnance maintenance

support had limited mobility, as it had developed from the

relatively static tactical situations of World War I. The

fast-moving situations which developed during WWqII, particularly in

the European 'Theater of Operations, necessitated significant

improvement in both the organization and mobility of maintenance

un~its. ¶fle resulting changes greatly increased the flexibility of

Army maintenance support, and formed the basis for the evolution of

maintenance support to the field in the years that followed World

War II.

f. Thbe Korean War revealed that the maintenance doctrine which

had evolved from World War II was basically sound. During the

latter half of the 19501s, the Army maintenance system was still

utilizing the five-echelon structure, but now the five echelons

were identified as subdivisions of three broad categories of

maintenance. The relationships were as follows:

CATEGO)RIES ECHELONS RESPON~SIBILITY OF

organizational First Operator or Crew
Second3 Organizational Maintenance

Field Third Direct Support
Fourth General Support

Depot Fifth Depot Maintenance

g. Along with this change in terminology went a policy change

r.of much greater significance. Flexibility of the maintenance
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system was increased by allowing a lower echelon to perform a

maintenance task allocated to a higher echelon when authorized by

that higher echelon. Conversely, a higher echelon could perform

tasks allocated to lower echelons.

h. With these exceptions, Army maintenance changed relatively

little through the Korean conflict and up until 1962. At that

time, a major reorganization of the Army abolished the technical

services, and promulgated the philosophy that maintenance is

maintenance, even though there are obvious differences in the types

or commmodities of materiel to be maintained. Until then, each of

the several techMical services had had the responsibility for

maintaining the equipment for which it alone was the proponent.

The effects of this reorganization are still being felt throughout

the Army. Cn the surface, at least, it provided an opportunity for

functionalization and standardization of logistics activities. At

the national level, most of the materiel responsibilities of the

technical services, except the Medical Corps and the Corps of

Engineers, were consolidated in the Army Materiel Command, recently

renamed Army Materiel Development and Readiness Command (DARCOMt).

In the field, the same functionalization was accamplished through

the introduction of "one-stop" maintenance. Prior to this time,

each technical service had operated its own maintenance

organizations. A using unit or customer was therefore forced to qo

to several different maintenance units in order to obtain support.

After the 1962 reorganization, most direct support maintenance
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requirements were satisfied by the same direct support unit. These

units were essentially formed from existing Ordnance units, with

additional skills , equipment, and repair parts added to enable the

unit to repair other commodities of materiel also.

i. By 1965 the terminology applied to maintenance categories

had changed again, this time to the designation still in current

use:

CATEXORI ES RESPONSIBILITY OF

Organizational Operator/Crew/Organizational maintenance

Direct Support Direct Support

General Support General Support

Depot Depot Maintenance

C-2. TERMINOLOGY VS. REAL CHANGES.

* a. A review of the changes in maintenance category terminology

over the years reveals that the names have changed but the players

have remained essentially unchanged. Far more significant than

these changes in terminology have been those changes in policy

which introduced "one-stop" maintenance and which significantly

increased the flexibility of the maintenance system. The

"maintenance-is-maintenance" philosophy promulgated at the time of

the 1962 reorganization of the Army has gradually faded as the

differences between the different commodities have been recognized

more clearly. Current Army policy provides for different

maintenance concepts for different comixodities of conventional
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materiel, while continuing the separate, specialized maintenance

concepts for exceptional coxmmodities such as medical and

cryptographic materiel.

b. From the foregoing ov~erview of maintenance system history,

it can be seen that the names and numbers of maintenance categor ies

have had relatively little effect on the system as it evolved. The

answer to the basic question, "Who repairs wht? can easily remain

un~changed while maintenance categories are shuffled and renamed.

Meanwhile, the Maintenance Allocation Chart (MAC) continues to be

the primary determinant of Ift~ repairs %Ihat?"

C-6



APPENDIX D

END ITEM SAMPLE

D-1. A quick review of Supply Bulletin 700-20 reveals that there

are approximately 5,000 items in the current inventory. Level of

repair analyses of all of the MAC charts for these items would have

required a much greater level of effort than was available. In

light of the resources available for the study, the study team

recognized that the number of end items to be studied would have to

be limited to a total of approximately 50 representative items from

which maintenance data for the remaining equipments would be

derived through an extrapolation process. Initially, the study

team selected 50 representative items which were intended to

provide a mix of maint.,nance-significant equipment, with a proper

balance between combat, ccimbat support, and combat service support

types. At almost the same time, a visit to the US Army

Maintenance Management Center (USAM4W) exposed the study team to a

list of 57 items used there for evaluating the adequacy of DEACCM

maintenance and supply support. The USAMMC selected those items

for their maintenance significance and mission essentiality. After

an extensive review, the study team concluded that, with a few

adaptations, the USAMMC list would be preferable for use as the

study sample. Accordingly, the USAMMC list was modified for this

study by eliminating a few duplicative items and adding a few items

in commodity groups not previously represented. For example, the

USAMMC list contains both the 4.2 inch and the 81am mortars. The
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8limm nrtar was retained for this study. In place of the deleted

items, several items of fire control devices and instruments were

wadded. These itemsl are representative of the fire control devices

ard instruments which are mounted in various end item~s in the

sample. However, since they are a materiel comm~odity in their own

riujht, they are treated as separate end items to insure their

visibility and consideration in the findings of the study. Also,

office machines, the protective mask, a laundry unit, and a bakery

plant were added to provide coverage of these commiodity areas.

D-2. The end itemi sample was thus established at 50 items and is

listed below. Prices are as of 1 September 1976.

LINE NUMBER 1NICMENCLATUE [X)LLAR VALUE

R94977 Rifle 5.56rrm Ml6Al 142.00 ea

L923186 Machine Gun 7.62nn M60 1,081.00 ea

M680Xjd Mortar 8lrrm M29AIl 4,590.00 ea

M11895 Mask CBR: Protective
Field Ml7Al 57.75 ea

J96M9 Gun Air Defense Artillery
SP: 20mi M163 276,377.00 ea

012087 Carrier Personnel Full
Tracked: Armored Mll3Al 76,594.00 ea

V13101 Tank Combat Full Tracked
l105mi Gun M68A~l 264,500.00 ea

K(57667 Howitzer Heavy Self
Propelled: 155mn M109A1 145,812.00 ea

*R50544 Recovery Vehicle Full
Tracked Medium M578 110,040.00 ea

D-2
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LINE NUM.BER NDMECLN¶JRE ID)LLAR VALUE

R50681 Recovery Vehicle Full
Tracked Medium M88 565,134.00 ea

X60833 Truck, Utility: 1/4 ¶1on
4 x 4 Mi5lAI 3,196.00 ea

X40009 Truck, Cargo: 2 1/2 Toln
6 x 6 M35A2 17,813.00 ea

X59326 Truck, Tractor: 5 Ton
6 x 6 M818 37,633.00 ea

X59600 Truck, Tractor: 10 Ton
6 x 6 M123E2 60,210.00 ea

S70661 Semi Trailer Low Bed:
HET 52 1/2 Ton M747 53,254.00 ea

X39940 Truck, Cargo 1 1/4 Ton
6 x 6 M561 12,312.00 ea

A93125 Armo~red Reconniaissance
Airborne Assault Vehicle
M551 Full Tracked 152mn 259,930.00 ea

Q16110 Radar Set ANJ/PPS-5ý Less
Power 46,201.00 ea

E72804 Comp~ressor, Rty, Pwr Drvn
250 CFM4 GED 100 PSI 8,794.00 ea

J45836 Gen St Gas Eng 3KW 400 HZ
1-3PH AC 120/208/240V 1,631.00 ea

F39378 Crane Wh~eel ?rD: 20 Ton
With Boom Crane 30 Ft
w/Blk Tkle 20 Tion 2385 113,494.00 ea

W76816 Tractor, Full Tracked Low
Speed Med Draw Bar Pull D7E 32,916.00 ea

L.76556 Loader Scoop Dsl 2 1/2 Cu.
yd Hinge Frm 21,213.00 ea

J74852 Grader, Road Mtrzd: DSL
6 x 4' 22,521.00 ea
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LINE NUMBER NOMENCLATURE DOLLAR VALUE

Q38299 Radio Set AN/PKC 77 943.00 ea

053001 Radio Set AN/VRC-46 1,491.00 ea

Q32756 Radio Set AN/GFC-106 14,875.00 ea

Q15414 Radar Set AN/MPQ-4A Less
Fower 272,743.00 ea

D79481 Central Office Telephone
Manual Less Power AN/TIC-29 11,953.00 ea

D79866 Central Office Teletype-
writer Less Power AN/MGC-17 10,994.00 ea

Q90120 Radio Teletype: AN/GIC-142 16,954.00 ea

G02204 Detecting Set Mine:
AN/PRS-7 272.00 ea

Q16046 Radar AN/MPQ-49 FAAR 314,239.00 ea

H68200 Flame Thrower Mech Main
Armament: APC MTD 10,086.00 ea

*B18373 Bakery Oven Trailer MTD:
2 Oven Deck 9,568.00 ea

*L48315 Laundry Unit Trailer MTID:
Single Trailer 60 lb Cap
ELT9T 16,882.00 ea

X48914 Truck, Lift Fork: DSL
Drvn 6000 lb Cap W% 34,520.00 ea

E76866 Caoputer Gun Direction Mi8 46,965.00 ea

*160000 Telescope Elbow: M118C 1,753.00 ea

*160114 Telescope Panoramic M117:
For How MED SP Ft 155m
M109A1 6,648.00 ea

*I6075 Quadrant Fire Control:
Elevation M15 1,033.00 ea
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LINE NUMBER NOMENCLATURE DOLLAR VALUE

*160071 Drive Ballistic: MI0 for
M60 Tank 1,099.00 ea

*160108 Periscope Tank M32: For
Tank Combat FT 105amn M6OAl 3,618.00 ea

*160107 Periscope Tank XM44EI: For
ARAAV 152mam M551 21,582.00 ea

*B67218 Binocular: 7 x 50 Military
Reticle M17AI 195.00 ea

A22496 Aiming Circle: M2 w/Equip-
ment 1,267.00 ea

*Q03468 Quadrant Fire Control:
Gunners MIAl 164.00 ea

*B67492 Binocular: Infra Red M18
w/Equipment 960.00 ea

*A16852 Adding and Subtracting
Machine Listing Elec 10 Key 520.00 ea

*X78567 Typewriter Nonportable 13 inch
Carriage 411.00 ea

* Items added to USAM*E sanple.
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APPENDIX E

STUDY METHODLO)IGY

E-1. Introduction. The intent of this appendix is to set forth

in a logical sequ~noe the manner in which this studxy was

approached. The study methodology has three principal

subdivisions:

a. Development of end item sample

b. Level of Repair Analyses (LORA)

c. Ccanbined Cost-Operational Effectiveness Analysis (C)EA) and

Scenario Oriented Recurring Evaluation System (SCORES)

This appendix will concentrate on the Level Of Repair Analyses and

on the simulation used for the COEA-SCORES analysis. Development

and composition of the end item sample are discussed in Appendix D.

Detailed discussions of SCORES and the COEA-SCORES analysis are

found at Appendixes G and I respectively.

E-2. Level of Repair Analyses.

a. A basic premiise of this study was that the experts in

maintenance task allocation are the individuals who are, or have

recently been, personally involved in the performance of such

maintenance in the field. They are familiar with the field

environment and its need for consideration of conditions such as

enemiy action, terrain, weather, operational urgency, distances,

unit capabilities, and available time. They have occasionally

devised unique solutions to problems which are not addressed in

current doctrine. F'or these reasons, an intensive effort was made
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to reach persoruiel with recent field experience. This effort was

most intensive at the LIS Army Ordnance and Chemical Center and

School because of the large concentration of recently-experienced

maintenance personnel readily available there, and the fact that

the study team was based there. However, additional input. was

sought at every opportunity. Dozens of trips were made to various

logistics-orient-d headquarters and activities either specifically

in connection with this study or the stud~y program of which it is a

part. Also, the study program was briefed to many visitors to the

US Army Ordnance and Chemical Center and School. The objective at

all times was to inform logisticians of the type of work being done

and to solicit their critical appraisal of the study objectives and

approach. The commnents and suggestions received in this manner,

were carefully considered and incorporated into the study wherever

feasible.

b. A Level of Repair Analysis (LORA) is fundamentally an

j objective evaluation of the task allocations in a Maintenance

Allocation Chart (MAC). The analysis of each end item in the

sample brought together the following elements:

(1) Maintenance expertise and experience

(2) Doctrinal references

(3) Disciplined a~pproach

(4) Technical publications (maintenance and parts manuals)

(5) Actual examples of end items
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c. The~ maintenance expertise utilized in the LORAs consisted

of maintenance instructors and supervisory personnel at the

proponent 'IRArX)C schools. Ithese personnel were generally

non-commissioned and warrant officers. The team members were

without exception highly qualified, collectively experienced in all

categories of maintenance, and accustomed to thinking in terms of

the field environment. The analyses usually took place in

instructional facilities where training-aicL end items could be used

for hands-an examinations. The number of personnel required in a

team depended upon tiv size of the commodity sample as well as the

size and complexity of the end items. Wten a LORA team was

assembled, it was equipped with applicable technical manuals. A

memnber of the study team briefed the tD2A team initially,

explaining the nature of the study and applicable doctrinal

references (including the allocation policy in TM 38-715-1), and

cautioning the members of the LORA team that they could consider

only current unit capabilities, without changing existing iunit

skills, tools, or equipment. Fran that point on, a member of the

study team was available for discussion, but the analysis itself

was the product of the maintenance NCOs and warrant officers.

d. Th analysis itself consisted of a systematic review of the

maintenance task allocations as specified in the MAC. Each

maintenance task ws challenged in terms of whether or not it wasA

correctly allocated in the MAC chart. The example of the end item

~1 and appropriate tools and equipmfent were physically examined
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whenever a meber of the LORA team so desired. T4hen an incorrect

allocation was found, it was identified, together with the correct

maintenance category to which it should be allocated.

e. with few exceptions, the final product of each LORA was a

listing of maintenance allocation chart corrections for that end

item. The lists are assembled at Appendix H. Since the

corrections wece too numerous to deal with individually, the

correction statistics were arrayed by comnodity groupings -

primarily the camiodity groupings shown in the Appendixes to AR

750-1. Arrayed in this way, the correction statistics tended to

highlight characteristic differences in the maintenance allocations

developed by different DARCOM Cormmodity Commands, and they

reflected a movement týern which was an important consideration

during the structuring of the COEA.

E-3. Cost-Operational Effectiveness Analysis (COEA)

a. During the first phase of' the study, an extensive survey

was rnkde of models available to the Army for use, with particular

emphasis placed upon the analytical requirements of the

Cost-Operational Effectiveness Analysis (ODEA). The models which

were examined and reluctantly discarded were generally of the type

which are oriented on analysis of a single end item or single

commodity, and were designed primarily for use in the development

process. The optimization algorithms which many mudela incorporate

require input data which can only be handled in terms of means or

,1 averages, such as the Mean Time Between Failure (MMBF) and Mean
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Time to Repair (M.TR). These types of values require extreme care

and exhaustive sensitivity analysis to preclude biased results.

(NUOE: the reader may gain a wider appreciation for the relative

merits of models by studying a report by the Applied Science

Division of the USAMC Maintenance Support Center entitled,

"Evaluation of Maintenance Support Optimization Models" 13/). In

view of the limited resources programmed for this study, a

decision was made to obtain the services of a contractor for the

necessary COEA effort (see Appendix F).

b. The apparent nonsuitability of the available logistics

evaluation models did not exclude their possible application

entirely. The statement of work for the contractual COEA effort

stipulated that existing models should be adapted or modified if

possible. The intent of this statement was to insure that all

possibilities were explored, in recognition of the possibility that

expert Of/SA technicians could detect possible applications not

apparent to the study team. However, the contractor found that he

was not able to use either an extensive simulation such as Models

of the US Army Worldwide Logistic System (MAWWCGS), or any of the

simpler existing simulations. The extensive quantitative data

required for these simulations is either non-existent or not

adaptable for such use, and thvs from a practical standpoint is not

available. This nonavailability necessitates aggregation of inputs

and places severe limits on the amount of detail which can be

t obtained from such a simulation. Consequently, the contractor
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developed a new nimulation tailored to accomodate available inputs,

and data w&s obtained on an "as required" basis. The desirability

of this approach is described explicitly by Christianson, et al

L4,42/ in their statement

"In order to understand and evaluate problems of
the Army logistics system...it is absolutely
essential that the operations analyst rely upon
empirical data. In practice, the...system does
not operate entirely according to regulation, nor
does it conform totally with scientific theory.
To determine how it is actually performing, and to
effect appropriate changes based upon logic,
computer simulations, or actual tests, one must
observe and measure the degree to which reality
fails to coincide with expectation."

c. The model employs an aggregative or nmacro approach rather

than a detailed approach. However, through the use of appropriate

technicques, the simulatioui is transparent, allowing the results

obtained to be linked to their causes so that results derived from

changes in policy or from deliberate manipulation of input

variables can be distinguished frcui those due to chance. Briefly,

the simulation consists of three parts: (1) A preprocessor which

accepts policy, opens files, and generates "failures" based on unit

engagement codes, (2) The main model where the actual simulation

is played, and (3) The post-processor in which the results are

tallied and output statistics are printed. The simulation deals

with 12 end items which also represent the densities and

maintenance wozkloads of about 150 other maintenance-significant

end items. The scenario utilized (see Appendix G) employs a force

model which contains 138 organizational maintenance activities, 23

E-6
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direct support maintenance units, and three general support

maintenance units. Each endi item the model deals with is

vulneraole to as many as ten types of failures, and each item is

subject to being serviced in as many as 15 different types of shop

facilities. In order to test and measure the impact of proposed

changes, the model permits the alteration of variables such as the

length of the scenario (in terms of periods and of hours in a

period), maximum allowable gueue lengths, lowest level (farthest

forward m~aintenance category) of repair authorized, priorities,

probability of encountering a repair parts stock-out condition, and

the time required to obtain repair parts. The simulation can be

run any number of times under the same conditions, except for those

changed by the investigator. This capability permits changes in

results to be related to the correct causal factors. Output

statis~tics include numrbers of failures by end item and failure

type, numbers of completed repairs, average facility waitinig times,

average turn-around time, and operational availability rates by end

item, by period. The latter output provides the primary measure of

effectiveness.

d. A description of the Cost-Operational Effectiveness

Analysis which emiployed this simulation is at Appendix I.

E-7
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Modification P00033
Page 2 of 9 pages

C 0 P Y

STATDMNT OF WORK
CONTRACT DAAG39-74-C-0018

TASK 5-75

1. Project Study Title (ACN): Cost-Effectiveness Methodology for
Evaluation of Selected Maintenance Support Concepts (Under carrier study
"Maintenance Support Structure for Contingency Forces," ACN 21012)

2. Scope of Contractor Effort:

a. General; The contractor shall provide analytical services to
develop and seectively apply approaches for cost-effectiveness assess-
ments of alternative maintenance support structures being evaluated
under the cited carrier study. Cost-effectiveness methodology shall be
explored in the context of nine substudies constituting the carrier
program and covering the following areas: (a) maintenance categories,
Ib) maintenance standards, (c) technical inspection and quality control,

d)maintenance tailoring, (e) operational readiness float, (f) recovery,
col.lection, classification and disposition, (g) adaptation of commercial
and industrial maintenance practices, (h) maintenance of prepositioned
equipment, and (i) deletion of maintainable items from the maintenance
systems of contingency forces. The effort shall be directed toward (a)
the structuring of sucn general approaches as may be feasible for joint
or common evaluations of options arising in more than one substudy and
(b) the conduct of detailed cost-effectiveness analyses for the substudies
on technical inspection/quality control and maintenance categories, des-
ignated herein as the "priority" substudies.

b. Secific: The contractor shall perform the following specific
subtasks Tn accomplishing the analytical effort outlined in paragraph 2a
above.

(1) Subtask 1: The contractor shall delineate a time-phased work
plan for the structuring of the cost-effectiveness methodology and the
conduct of analyses in support of the priority substudies. The work
plan shall be compatible to the maximum extent possible, with the carrier
study program. Substudy directives, plans, references, schedules, and
progress to date will be provided by the Governmert as an information
base for the preparation of the work plan.

* :(2) Subtask 2: The contractor shall define measures of effective-

ness for the carrier study program. Such measuves shall, either directly
or indirectly, reflect operational readiness. The contractor will
consider operational availability of materiel as the primary criterion
of readiness. Measures which correlate with availability will also bet• examined to facilitate comparative analyses for specific cases, parti-
cularly the prior.ty substudies. These shasl not be limited to materiel

F-3
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STATEMENT OF WORK Modification P00033

Contract DAAG39-74-C-0018 Page 3 of 9 pages
Task 5-75

aspects alone, but consider maintenance as a system and the requirement
for responsive support to a combat force.

(3) Subtask 3: The contractor shall structure such generalized
determi nistc and/or simulation models as may be feasible to assess the
effectiveness of alternative maintenance options in terms of the defined
measures. Concurrently with the examination of potential effectiveness
measures, the contractor shall select, adapt or develop technical approaches
to quantify availability and other effectiveness indexes by logical
groupings of variables which may pertain to different substudies. Para-
meter-s of candidate models should include but not be limited to relia-
bility factors; e.g., mean time between failures, transportation time,
delay in service at the maintenance unit, accessibility of repair parts,
repair time, and availability of the item in the operational readiness
float. Potential applications, to meet the objectives of the programmed
substudies, shall be outlined in terms of input requirements, processing
procedures and types of outputs to be generated. Detailed attention
shall be given, in particular, to applications in support of the priority
substudies.

(4) Subtask 4: The contractor shall delineate cost-estimation
procedures compatible with accepted methods of economic analysis. For
each substudy, the contractor shall identify component elements for
which cost information will be required. Sources of cost data or
estimates shall be surveyed to determine those most suitable for substudy
purposes. The use of incremental costing, derivations of cost-estimating
relationships, and the conduct of sensivity analyses shall be considered
in the devpelopment and applications of the costing methodology. In addition
to the personnel and materiel costs directly associated with organizational
level, direct support and general support maintenance activities, pro-
vision must be made for the inclusion of training resources implicit in
the specific alternatives under study.

(5) Subtask 5: The contractor shall select, adapt or develop approaches
for assessing vi able maintenance options in terms of cost-effectiveness.
Such composite cost-effectiveness indexes, as may be practical, shall
be defined, and methodology explored for determining the relative merits
of alternatives. Optimization techniques (e.g., mathematical program-
ming) shall be examined for maximizing readiness within cost constraints
or minimizing cost for given readiness states. Cost-effectiveness mea-
sures, and procedures for their use in comparative analyses, shall be
delineated for applications in the priority substudies. For the other
substudie-3 under the carrier program, the procedures for combining the
cost and effectiveness aspects shall be outlined in more general Larms.

(6) Subtask 6: The contractor shall apply the overall cost-
effective-nessmethodology, (cost-effectiveness analysis) for evaluation of
alternative maintenance structures entering into the two priority sub-
studies. The rationales developed in response to Subtasks 2 through 5 shall be

F-4
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STA'3MENT OF WORK Modification P00033
"intract DAAG39-74-c-0018 Pages 4 of 9 pages

_dsk 5-75

systemically employed. Detailed documentation shall be provided as
reference cases to facilitate future applications of the methodology.
If the effectiveness models to be utilized permit the concurrent evalua-
tion of variables primarily associated with other than the priority analyses,
the documentation shall clearly indicate the interactions.

3. Assumptions: Assumptions shall be as specified in substudy directives

andplans prepared pursuant to TRADOC Pamphlet 71-3.

4. Results (End Products) Required: The contractor shall provide:

a. A time-phased work plan pursuant to the requirements of
Subtask 1 and subject to review and approval by the Government.

b. Measures of effectiveness and methodological approaches for
their determination relative to assessments of maintenance options
in terms of operational readiness.

c. Methodology for cost analyses reflecting the economic impact
of maintenance alternatives at organizational, direct support and
general support levels and including provision for training require-
ments.

d. Cost-effectiveness methodology, in generalized or outline form,
for assessing the relative merits of maintenance options of interest
in the carrier study program.

e. Comprehensive cost-effectiveness analysis in support of substudy
on technical inspection and quality control.

f. Comprehensive cost-effectiveness analysis in support of substudy

on maintenance categories.

5. Information to be Provided by the Government:

a. The Government shall provide the following information through
the study sponsor's representative:

(1) Proposed/final substudy directives and plans.

(2) Carrier and substudy schedules

(3) Status reports on substudies with emphasis on variables,
parameters, and mainterance options of interest for consideration
under the contract.

(4) Approved sources of cost data.

"(5) Relevant Government publications cited in directives and
C plans.
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b. Information shall be furnished within the following periods

subsequent to contract initiation:

(1) Items 5a(l) and 5a(3) 15 days

(2) Items 5a(4) and 5a(5) 30 days

6. Period of Performance:

a. Starting Date: Effective date of this modification

b. Completion Date: Seven (7) months after effective date of this modi-
fication.

c. Critical Milestone Events: The following events shall be
completed within the specific times following effective date of this modification:

(1) Submission of work plan 30 days

(2) Submission of methodology approaches
for effectiveness assessments 3 months

(3) Submission of cost-estimation approaches 3 months

(4) Submission of cost-effectiveness
methodological approaches 3 1/2 months

"(5) Draft cost-effectiveness analysis for
technical inspection/quality control
substudy 6 months

(6) Draft cost-effectiveness analysis ofr

maintenance categories substudy 6 months

7. Reporting Requirements:

a. Contractor furnished reports shall be prepared in mutually
agreed formats developed between the contractor and the study sponsor's
representative. Required reports and submission times after effective
date of this modification are as follows:

(1) Work plan pursuant to Subtask 1 30 days

(2) Memorandum on effectiveness methodology 3 months

(3) Memorandum on cost-estimation methodology 3 months

(4) Memorandum on methodological approaches
to cost-effectiveness 3 1/2 months

•,:.• ,F- 6,
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(5) Draft cost-effectiveness analysis for technical
inspection/quality control substudy 6 months

(6) Draft cost-effectiveness analysis for
maintenance categories substudy 6 months

(7) Final report on effectiveness, cost and
cost-effectiveness methodologies 7 months

(8) Final reports on cost-effectiveness analyses
for priority substudies 7 months

The work plan, memoranda, and draft reports shall be submitted in
five copies each. Thirty (30) copies of the final reports shall be
furnished.

Kh __ F- 7
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AN=E A TO STAtDMNT OF WORK
OONTRACT DAAG 39-74-C-0018

TASK 5-75

1. Admindstrative Information:

a. Government Study Sponsor's Representative

MAJ Garry A. Scharberg
US Army Ordnance Center and School
ATTN: ATSL-CTD-CS
Aberdeen Proving Ground, Maryland 21005

b. Security Clearance Required: The Contract Security Specifica-
tion, DD Form 254, is for a S9CTZT clearance and applies to this modification.

c. Government Furnished Support: Computer serviLces and time with respect
to facilities at Fort Leavenworth, KS, Aberdeen Proving Ground, MD, or Fort Lee
VA, the site to be determined by the Government on the basis of available
software and computer workloads at the candidate installations.

2. Computer Software Developed:

a. Existing computer programs within or available to TRADOC will be utilized
to che maximum extent possible. Requests for modification will be submitted to

the Contracting Officer's Representative (COR) for review and approval.

b. Only those programming languages may be employed for which compliers
are available at designated TRADOC facilities.

3. Data/Report Requirements.

Shall be as set forth in the Contract Data Requirements List, DD Form 1423.
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APPENDIX G

SCORES

G-1. The Middle East II (ME II) heavy corps TRADOC standard

scenario provided the basis for the framework within which this

study effort was subjected to a Cost-Operational Effectiveness

Analysis (ODEA), which is discussed in detail in Appendix I.

G-2. ME II is a quick reaction, short duration (60 day),

mid-intensity scenario conflict in which the friendly force is a US

corps consisting of 3 1/3 US divisions (one mechanized infantry

division, two armored divisions, and one separate infantry brigade)

plus elements of the Corps Support Command (COSCOM).

G-3. The expanded (to 120 days) scenario developed for this

evaluation provided the backdrop for an effective evaluation of the

study's findings. Using the scenario's tactical situation along

with the results of wargaming efforts conducted by the US Army

Caombined Arms Center at Fort Leavenworth, Kansas, and the SCORF'S

Branch of the US Army Ordnance and Chemical Center and School,

realistic battlefield input was incorporated into the evaluation ot

the study in terms of tactical and support unit maintenance

workloads, and increases in maintenance efforts related to

battle-damaged equipment expected to be experienced during,

intensive periods of combat within the scenario,

?G-4. Equi EE3t failures due to battle damage which could be

S~expected to result from the combat situation on the battlefield

were considered along with failures which could be expected to be

G-l
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encountered through normal usage. Th comibination of these

failures represented the workload which required repair by

divisional and rxondivisional maintenance elements within the force

structure of the scenar io. The impact of Maintenance Allocation

Chart corrections made by Level of Repair Analysis teams was

evaluated primarily in terms of equipment operational availability

rates. See also Appendix I (Cost-Operational Effectiveness

Analysis).
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APPENDIX H

NOTE: SYMBOLS USED ON MAC COFWRECTION SHEETS IN THIS APPENDIX ARE

IDENTIFIED ON PAGE H-2.

H-i. ELECTRONICS EQUIPMeMT

a. Radar Set, AN/MPQ-4A.

(1) Description. This radar is a mobile, intercept-type

(nontracking) set designed primarily to locate hostile mortars and

secondarily to adjust low-velocity artillery fire. Provision is

made for local or remote operation of the radar. The radar

operates in the 16,000 - megahertz frequency (K) band. Power is

furnished by Generator Set, Gasoline Engine PU-107A/U, which is

mounted on a trailer.

(2) Selected technical characteristics.

(a) Range (max) 10,000 meters

(b) Azimuth (coverage) 445 mils fixed sector &anning

(c) Elevation (beam) 100 mils to + 200 mils

(d) Emplacement time 15 to 30 min by 6 man crew

(e) Computer - analog

(3) Unique Characteristics. The Radar Set, AN/MPQ-4A and its

immediate predecessor, the AN/MPQ-4 have been in the Army inventory

for over 20 years. Therefore, it reflects the technology of the

1950's with vacuum tubes and circuitry which is not miniaturized as

in the newer electronic systems.

(4) Level of Repair Analysis (LORA)

H-i
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(a) General. It*e analysis was performed at the US Army F'ield

Artillery School at Fort Sill, Oklahoma. The LORA teamn included

* ~both warrant officer and NMO instructors.

(b) Corrections to the maintenance Allocation Chart (MAC) for

the ANA4PQ-4A are shown on page H-3.

NOTE: Throughout this appendix, the letter symb~ols used on the MAC

correction sheets are those normally used in MACs: C for Crew; 0

for Organizational; F for Direct Support; H for General Support; D

for Depot Maintenance. Letters to the left of slant marks indicate

the category designations presently found in MACs. Letters to the

right of slant marks indicate the corrected category designations.

A dash on the left of the slant mark indicates that task was found

to be missing from the MAC.

EXAMPLES: F/a indicates an allocation corrected from Direct

Support to Organizational Maintenance. -/H1 indicates a task

(presently missing from the MAC) whiich should be added, allocated

to General Support Maintenance.

H1-2

.4



o o O oW oW ADJST

WD 0

CC)

fATESTE

* __SERVICE

*0-

-S.-'CALIBRAETE

0- 0- 0 0 0

%~OVERHAUL

*O 14 000 W9

H-

0 - 0L



b. Radar Set AN/MPI-49 (FAAR)

(1) Description. The AN/MPQ-49 is a Forward Area Acquisition

Radar consisting of a radar set, a generator, a vehicle with

detachable trailer, and interconnecting cables. The radar set is

housed on the vehicle. lite purposes of the radar set are to detect

low flying aircraft, to electronically identify them as friend or

foe, and to display their position in relationship to the position

of the radar set.

(2) Technical Characteristics. Refer to TM 9-1430-588-12

(CONFIDENTIAL).

(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LORA).

(a) General. The analysis was conducted at the US Army

Intelligence Center and School. Four instructors took part in the

analysis. The set used for the hands-on examination was located in

a classroom.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

this radar set are shown on page H-5.

H-4
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c. Radar Set, AN/PPS-5A

(1) Description. This radar is a portable battery powered set

which can be used in battlefield surveillance to locate and

identify moving ground targets. It presents targets as bright

spots on a B-scope display, as waveforms on an A-scope display, as

signals on an electrical headset, and as the deflection of a meter

poirt-r.

(2) Selected Technical Characteristics.

(a) Range (max): moving personnel 6,000 meters

moving vehicles 10,000 meters

(b) Azimuth coverage: Choice of automatic sector scanning

widths of 533, 1067, 1600, or 1955

mils.

(c) Sector scan speed: Choice of 41, 82, 164 or 328 mils per

second.

(d) Elevation coverage: -600 to +400 mils.

(e) Assembly time: 10 min.

(3) Unique Characteristics. The AN/PPS-5A is unique among the

radars analyzed only in the fact that it is very small.

(4) Level of Repair Analysis (LORA).

a. General. The analysis took place in an instructional

facility where a set was available for examinatior _h. LORA

H-6
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team was led by a Chief Warrant Officer.

b. Analysis. There di(' not appear to be sufficient reason for

changing the Maintenance Allocation Chart (MAC) for this set.

Although this MAC is general, there is an excellent section in the

manual (ThI 11-5840-298-12) on organizational repairs.

d. Mine Detecting Set AN/PRS-7.

(1) Description. ibis set is a portable device capable of

detecting buried nonmetallic and metallic objects such as buried

antitank and antipersonnel mines. The set is powered by mercury

batteries and is stored in a carrying case when not in use. The

presence of a mine is indicated audibly through a head-set

assembly.

(2) Selected Technical Character ist ics.

(a) Length (carrying case w/unit) - 24 inches

(b) Wid th - 16 inches

(c) Weight - 24 pounds

(d) Audio Frequency - 1000 Hz

(e) Temperature Range - 65 degrees F to +155

degrees F

(f) Battery Voltage - 16.2 volts

(g) Battery Life - 28 hours

(3) Unique Characteristics. None.

H-7
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Armj

Elgineer School at Port Delvoir, Virginia, by matadrs of the staff

and faculty of the Mechanical and Technical Department, Office of

the Deputy Comandant for Training and Education. The LORA tean

consisted of the chief, and additional instructors, of the Special

Electronics Devices Repair Branch.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

this set are shown on page H-9.

IH
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e. Quadrant, Fire Control, Elevation, M15.

(1) Desription. This M15 fire control quadrant is mountd on

the right h"nd trunnion of the applicable end item, (sm esubera.

(2) (h) below), and is umed for making elevation adjustment

corrections to the main gun of that end item. It is equipped with

a mechanical mil counter to permit quick, accurate insertion of

elevation correction factors peculiar to the individtLal cannon and

cannon emplacement.

(2) Selected Technical Characteristics.

(a) Elevation 228 to t 1,333 Mils

(b) Correction (elevation) ± 55 Mils

(c) Cross level 34 degrees

(d) Length 12 inches

(e) Width 9 inches

(f) Height 9 inches

(g) Weight 23 1/4 pounds

(h) End item application Gun, SP, K107, M108, M169,

H1il

and (3) Unique Characteristics. The delicate nature of this

quadrant requires that maintenance on it be performed in a

controlled, dust-free, environment.

H-l1
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

OCrdnance Canter and School by mumbers of the staff and faculty of

the Weapons Training Department. The [)RA team consisted of the

senior instructors in the Fire Control Division.

(b) The Repair Parts List contained in TM 9-1290-322-35P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on page H-12 and

H-13.
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f. Quadrant, Gunners, MIAl.

(1) Description. This quadrant, with its M82 carrying case,

is a portable, precision leveling instrument used for measuring the

angles of elevation or depression of artillery weapons. It is also

used for checking the adjustment of elevating mechanisms and for

verifying the accuracy of sighting and fire control equipment.

(2) Selected Technical Characteristics.

(a) Elevation (Lower) 0-800 mils

(b) Elevation (Upper) 800-1600 mils

(c) Length 6 7/8 inches

(d) Width 1 1/16 inches

(e) Height 6 inches

(f) 4eight 1.8 pounds

(g) End item application All Weapons

(3) Unique. Characteristics. The Gunners Quadrant is one of

the least complicated fire control instruments. Nevertheless, the

delicate nature of this quadrant requires that maintenance on it be

performed in a controlled, dust-free environment.

(4) Level of Repair Analysis (LORA).

H-14



(a) General. The analysis of the quadrant was performed at

the US Army Ordnance Center and School by members of the staff and

faculty of the Weapons Training Department. The WRA team

consisted of senior instructors from the Fire Control Division.

(b) The Repair Parts List contained in TM 9-1290-200-14 was

used as the basis for this analysis. Corrections in

responsiblities for maintenance tasks are shown on pages H-16 to

H-18.
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g. Aiming Circle, M2

(1) Description. This atiming circle is used to measure the

azimuth and elevation bearing angles of a ground or aerial target

with respect to a preselected base line. The aiming circle has

many of the characteristics of a surveyor's transit. Basically, it

consists of a telescope mounted on a mechanism which permits

unlimited azimuth and limited elevation movements.

(2) Selected TIechnical Characteristics.

(a) Magnification 4x

(b) Field of view 10 degrees

(c) Azimuth rotation Unlimited

(d) Elevation (Max) 800 mils

(e) Depression (Max) 400 mils

(f) Length 39 inches

"(g) Width 16.5 inches

(h) Height 9.75 inches

(i) Weight 65 pounds

(3) Unique Characteristics. The delicate rnature of the optics

within this device requires that maintenance on it be performed in

a controlled, dust-free environment.

H1
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis of the aiming circle was performed

at the US Army Ordnance Center and School by memibers of the staff

and faculty of the Weapons Training Department. The LORA team~

consisted of senior instructors from the Fire Control Division.

(b) The Repair Parts List contained in 2M 9-1290-262-35P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on pages H-21

through H-26.

H-20



WD ,T

Hn cc

CDH

tq CD A T

0

g INSPECT

TEST

SERVICE

ADJUST

ALIGN

CALIBRATE i

INSTALL c ,

REPAIR

OVERHAUL

*M RUILD

,K . , i... .

I [ H-21



04

-4-

Ict.

* INSPECT

U... - TEST

'" SERVICE

ALIGN

CALIBRATE

INSTALL

~~REPLACE

REPAIR

OVERHAUL

RlUILD

..- .m



INSPECT

TEST

SERVICE

ADJUST

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ALIGN

WCALIBRATE O

INSTALL

_ _ _ _ _ _ _ _ __ _ _ _ PL kCE

REPAIR

OVERHAUL

MRUILD

-- -3 - (Y% 0 C% (Y% 0% 0% 0% 0%

'0 0D a'

H-23



0(

INPECT

* 1 _ __ _ _ _ __ _ _ _ T E S TII _ __ _ _ __ _ _ SERVICE

ADJUST

ALIGN

CALIBRATE

INSTALL

REPAIR

OVERHAUL

MMUILD

04 ~ ~ OQ 0 a Q OQ O Q O

H-24



g
0

S~INSPFECT

.TEST

SERVICE

C ADJUST

ALIGN

CALIBRATE

INSTALL

REI AIR

OVERHAUL

REBUILD

I' 00 It IV I 'd I' Im "0 Id 0

co wl

' ,I •. ..... ... ... ... ....



0a
C4

IRPECT

OSERVAUE

C ___________________ AWUJST

CALIBRATE

REPAIR

OVERHAUL

REBUILD

H O 0 '0 %0

H-26



h. Drive, Ballistics, M10 Series.

(1) Description. An M10 series ballistic drive is part of the

fire control system of the applicable end item (see subpara. (2) (e)

below). It provides a means fbr connecting the range finder,

gunner's periscope, and ballistic computer into a single integrated

sighting system. The drive also acts to depress the lines-of-sight

of the range finder and periscope, in accordance with supec-

elevation data which is transmitted to the drive via the computer

output shaft.

(2) Selected Thchnical Characteristics.

(a) Length 55 inches

(b) Width 45 inches

(c) Height 30 inches

(d) Weight 155/174 pounds

(e) End item application M60, M60AI, M48A3

(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LUNA).

(a) General. The analysis of the MI• series ballistic drive

was performed at the US Axmy Ordnance Center and School by members

of twh• staff and faculty of the Weapons Training Departr.ent. The

H
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LORA team consisted of the senior instructors from the Fire Control

Division.

(b) The Repair Parts List contained in TM 9-1220-220-35P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on page H-29.
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i. Computer, Gun Direction, M18.

(1) Description. This computer is a solid state, general

purpose, electronic digital computer designed to facilitate

ballistic trajectory computation. As a general purpose device, the

computer can perform any cowptatlonal task for which a program has

been written. The size of the memory (8,192 words) is the limiting

factor.

(2) Selected Technical Characteristics.

(a) Capacity (Memory) two caliber trajectory

(b) Operating speed 12,800 executions per second

(c) Word Length 36 bits

(d) Height 15 inches

(e) Width 29 inches

(f) Depth 34 inches

(g) Weight 200 pounds

(h) Power 3 phase, 4 wire, 400 Hz.,

120/208V, 70OW

(3) Unique Characteristics. The delicate components of this

item require that support level maintenance be performed in a

controlled environment repair facility.

H-30



(4) Level of Repair Analysis (ILORA).

(a) General. The analysis of the M18 comiputer was performed

at the LIS Army Ordnance Center and Shcool by members of the staff

and faculty of the Weapons Training Department. The LORA team

consisted of senior instructors from the Fire Control Division.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the M18 are shown on pages H-32 and H-33.
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Te lescope, Panoramic, M117.

(1) Description. This telescope is the basic instrument used

in laying the self-propelled howitzers, M109 and MlO9Al, in azimuth

and elevation for indirect fire. It is equipped with two

four-digit counters for easy reference, plus a gunner's aid counter

which allows for a correction deflection of fromi 0 to t 50 mils.

All counters are self-illuminating for night operation.

(2) Selected Technical Characteristics.

(a) Elevation ±300 mils

(b) Incremental reading 1/4 mnil

(c) Azimuth 6,400 mils

(d) Field of view 10 degrees

(e) Magnification 4X

(f) Weight 14 pounds, 6 ounces

(g) Height 20 inches

(h) Width 8 1/4 inches

(i) Length 9 inches

(3) Unique Characteristics. The delicate nature of the optics

within this telescope requires that maintenance on it be performed

H1-34



(4) Level of Repair Analysis (LDRA).

(a) General. The analysis of the M117 was performed at the US

Army Ordnance Center and School by members of the staff and faculty

of the Weapons Trainingj Department. The team consisted of the

senior instructors in the Fire Control Division.

(b) The Repair Parts List contained in Th 9-1240-274-35P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on pages H1-36

through H1-39.
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k. Elbow, Te~lescope, M1l8, Mll8C.

(1) Description. This elbow telescope is used on the M108 and

M109 self-propelled howitzers as the basic direct fire instrument

used for positioning the weapon in deflection and elevation on

targets visible from the weapon. It is mounted, by means of

spherical seats and retaining king pins, on the appropriate

telescope mo~unt.

(2) Selected Technical Characteristics.

(a) Field of view 10 degrees

(b) Magnification 4X

(c) Axial cant correction - j degrees

(d) Mirror, level 100 degrees

(e) Eyepiece operative range 1 ±20 degrees

(f) Weight 44 pounds

(g) Height 8 1/4 inches

(h) Width 18 1/2 inche~s

(i) Length 39 1/2 inches

(3) Unique Characteristics. The delicate nature of the optics

within this telescope requires that maintenance on it be performed

in a controlled, dust-free environment.
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis of the elbow telescope was

performed at the USE Army Ordnance Center and Sc-hool by members of

the staff and faculty of the Weapons Training Department. The team

consisted of the senior instructors in the Fire Control Division.

(b) The Repair Parts List contained in IM? 9-1240-276-35P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on pages 11-42

through H-47.
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1. Periscope, Tank, M44E1.

(1) Description. This periscope is the primary night or low

visibility fire control instrument for sighting on a target and

aiming the main weapon (l52nim gun) on the WAR/V M551 vehicle when

the conventional round is fired. The periscope is considered

passive, not requiring the aid of visible or infrared illumination.

It is located in the turret opening on the right side of the main

weapon, and consists of two separate and independently collimated

units, a head assembly and a body assembly. The periscope contains

three optical systems, nine power passive systems, reticle

projection system and unity power system.

(2) Selected Technical Characteristics.

(a) Horizontal field of view

(unity system) 21 degrees 45 min

(b Vertical field of view 8 degrees 2 min

(c) Field of view (passive

system) 6 degrees

(d) Line of sight travel 18 to 22 degrees

(e) Weight 195 pounds

(f) Width 13 inches

(g) Height 21 1/8 inches

Nh Depth 20 1/2 inches

H-48



(3) Unique Characteristics. The delicate nature of the optics

within this periscope requires that maintenance on it be performed

in a controlled, dust-free environment.

(4) Level of Repair Analysis (LORA).

(a) General. The analysis of the periscope was performed at

the US Army '7rdnance Center and School by members of the staff and

faculty of the Weapons Training Department. The team consisted of

senior instructors from the Fire Control Division.

(b) The Repair Parts List contained in TI 9-1240-309-35P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on pages H-50

through H-63.
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m. Periscope, tank: M32.

(1) Description. This periscope is an optical instrument used

by the M60 and M60A1 tank gunner for laying the weapon in on a

target without exposing himself. It is a monocular-type optical

instrument having the ability for daylight, infrared, and unity

power sighting.

(2) Selected Technical Characteristics.

(a) Unity power magnification lX

(b) Daylight magnification 8x

(c) Infrared magnification 8x

(d) Field of view (infrared/

daylight) 8 degrees

(e) Weight 52 pounds

(f) Height 20 1/2 inches

(g) Width 13 3/8 inches

(h) Depth 12 inches

(3) Unique Characteristics. The delicate nature of the optics

within this periscope requires that maintenance on it be performed

in a controlled, dust-free environment.
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis of the periscope was performed at

the US Army Ordnance Center and School by members of the staff and

faculty of the Weapons Training Department. The team consisted of

senior instructors from the Fire Control Division.

(b) The Repair Parts List contained in 7IM 9-1240~-313-35P was

used as the basis for this analysis. Corrections -in

responsibilities for maintenance tasks are shown on pages H-66

through H-71.
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n. Binoculars, M3, M7t M13, Ml3Al, Ml5AL, M16, and Ml7Al.

(1) Description. These binoculars each coi 1sist of two

pr ismatic telescopes pivoted about a commnon hinge so as to permit

adjustmnent of the distance between the eyepieces. The hinge is

equipped with a scale which indicates this distance in millimeters.

Binoculars are usually designated by the power of magnification and

the diameter of the objective lens. A WxO binocular magnifies six

times and] has objective lenses which are 30 millimeters in

diameter.

(2) Selected Technical Characteristics. Srecific

characteristics such as size, weight, objective lense size and]

magnification will depend on the specific model of binoculars.

(3) Unique Characteristics. The delicate nature of the optics

within these binoculars requires that maintenance on them be

performed in a controlled, dust-free environment.

(4) level of Repair Analysis (LORA).

(a) General. The analysis of the binoculars was performed at

the US Army Ordnance Center and School by members of the staff and

faculty of the Weapons Training Department. The team consisted of

senior instructors in the Fire Control Division.

(b) The Repair Parts List contained in 7M 9-1240-372-34P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on pages H-73

through H-75.
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o. Binocular, M18.

(1) Description. The tank commander employs this binocular

for makirg infrared observations. The binocular resembles

conventional hand-held binoculars, but it contains an image con-

verter tube in each of its two infrared optical channels, a reticle

projection system, and an electric powr unit.

(2) Selected Technical Characteristics.

(a) Magnification 3.5x

(b) Field of view 12.5 degrees

(c) Equivalent focal length of

objective 3.78 inches

(d) Interpupillary adjustment

limits 64ram and 75nrn

(e) Weight 4.75 pounds

(f) Length 10.625 inches

(g) Width 5.75 inches

(h) Height 4.375 inches

(3) Unique Characteristics. The delicate nature of the optics

within this binocular requires that maintenance on it be performed

in a controlled, dust-free environment.
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* (4) Level of Pepair Analysis (LORA).

(a) General. The analysis of the binocular was performed at

the US Army Ordnance Center and School by members of the staff and

faculty of the Weapons Training Department. The team consisted of

senior instructors from the Fire Control Division.

(b) The Repair Parts List contained in TM1 9-6650-215-34P was

used as the basis for this analysis. Corrections in

responsibilities for maintenance tasks are shown on pages H-78

through H-81.
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p. Radio Set AN/PRC-77.

(1) Description. Radio Set AN/PRC-77 is a completely

transistorized, short-range, manpack portable, frequency modulated

(fin) receiver-transmitter used to provide two-way voice

communication. It is replacing the AN/PRC-25.

(2) Selected Technical Characteristics.

(a) Frequency range 30.00 to 52.95 MHz

(b) Number of channels 920

(c) Channel spacing 50riz

(d) Power requirements 12.5 -- 15 volts dc,

780 ma (transmit), 6 ma

(receive)

(eW Transmitter output power 1.5 - i.0 watts

(f) Range 5 miles

(g) Antenna whip or so•i-: igid steel

tape

(h) Battery life 30 hours (9:1 receive-

transmit ratio)

(3) Unique Character istics. The AN/P*-.77 can be equipped to

provide secure voice capability.

•i-82
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

members of the staff of the Command and Staff Training Department,

USAOC&S. The LORA tpta was led by a Chief Warrant Officer.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

Sthe AN/PRC-77 are shown on page H-84.
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q. Radio Set, AN/VR-46.

(1) Description. Radio Set AN/VW-46 is a short-range,

vehicle-mounted, frequency modulated (fin) receiver-transmitter used

to pcovide two-way voice communication. The antenna contains a

matching unit which automatically selects the proper impedance

associated with the transmitter frequency. The set makes extensive

use of plug-in modules, and also contains printed circuit boards

which may be flipped up for easy access.

(2) Selected Technical Characteristics.

(a) Frequency range 30.00 to 75.95 MHz

(b) Number of channels 920

(c) Channel spacing 50 KHz

(d) Power requirements 22 to 30 volts dc

3a @ low power,

10 a @ high power

(e) Transmitter output power 0.5 - 35 watts

(f) Range approx. 5 miles on low

*, power

approx. 25 miles on high

power

(g) Antenna whip

(h) Power drain 0.75 amp at 25 volts dc

1*H-8
Ht-85
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(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

Ordnane Center anwd School, Aberdeen Proving Grourd, Maryland, by

members of the staff of the Command and Staff Training Department,

USAOC&S. The LORA team consisted of highly qualified Signal Corps

commissioned and warrant officers.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the AN/VIC-46 are shown on page H-87.
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r. Radio Set, AN/GRC-106.

(1) Description. The AN/GRC-106 is a high frequency (hf),

single-side-band (SSB), radio receiving-transmitting set. It is

used for receiving and transmitting upper-sideband (USB) voice, USB

compatible amplitude-modulated (compatible am), and continuous wave

(cw) signals in a simplex operation. The AN/GRC-106 is primarily

intended for use as a mobile radio link in a communications

network; however, it may be used in a fixed mobile station. It is

usually vehicular mounted.

(2) Selected Technical Characteristics.

(a) Frequency range 2.0 - 29.999 MHz

(b) Selectively tuned

operating frequencies 28,000

(c) Primary voltage 27 volts dc + 3

(d) Bandwidth 3.2 l•z

(e) Power output 400 watts

(f) Antenna whip or doublet

(g) Effective range 50 miles nominal

(groundwave)

1500 miles (skywave)

(3) Unique Characteristics: None.

H-88
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

members of the staff of the Deputy Comnandant for Training and

Development, Organization and Evaluation Division. The WRA team

was led by a Chief Warrant Officer.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the AN/GRC-106 are shown on pages H-90 and H-91.
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s. Radio Teletypewriter AN/GRC-142.

(1) Description. The AN/GRC-142 is a shelter-contained radio

teletypewriter syatem that provides one-way reversible

communication (transmit and receive, but not simultaneously). This

set includes provisions for local (mobile or fixed) or remote

operation, and is vehicular or air transportable. It is wired to

accept an additional teletypewriter, receiver-transmitter,

inverter, antenna, and auxiliary loudspeaker. This provides

simultaneous 2-way remote or local teletypewriter communication.

Remote field telephone facilities are also provided, allowing the

local operator in the shelter to communicate with a remote operator

over land lines. Facilities are included to accomodate security

equipment. The AN/GRC-142 may be netted with other series of

teletypewriters.

(2) Selected Technical Characteristics.

(a) Frequency range 2.0-29.999 MHz

(b) Types of signals 85 Hz n arrow frequency

transmitted/received shift keyed (nsk), or

850 Hz frequency shift

keyed (fsk)

H-92



(c) Compatibility Amplitude modulated,

single side band, voice,

and continuous wave.

Voice and teletypewriter

simultaneously (voice

plus nsk). Nsk

diversity.

(d) Mobile carrier M-37BI 3/4-ton truck,

or M-715 1 1/4-ton truck,

both with 100 aip kit

(e) Transmitted power output 400 watts, peak envelope

(max) power

(f) Effective transmit range 50 miles nominal (ground

wave); 100-1500 miles

(skywave)

(g) Antenna systems Whip or doublet

(h) Weight 1694 pounds

(i) Max DC power 28.3 volts dc at 87

consumption amperes

(3) Unique Characteristics: None.

H-93
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at The US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

members of the staff of the Command and Staff Training Department,

USAOC&S. The LORA team consisted of commissioned and warrant

officer instructors.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the AN/GIC-142 are shown on pages H-95 through H-100.

H-94

i')



-t4

_ _ -ISPECT

, . .... . ... •ADJUST,•

ALIGN I
* : ,CALIBRATE

INS3TALL

* ~- REPAIR -

OV'.H&UL

_ _ . .. ..... _ _ _ _ _I__UILD

H-95



INSPECT 8

0- 0 ý TEST

SERVICE

ADJUST

_ _ _ _ __ _ _ __ _ _ _ ALIGN

CALIBRATE

INSTALL p -

REPLACE z

a- 0 • REPAIR

OVERlHAUL

RFUILD

1H-96



44

* ¶•

INSPECT

.18

SERVICE

-.-- -ADJUST 0

ALIGN

Si CALIBRATE

INSTALL

IMPIACE

--01 REPAIR0

OVERHAUL

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ UILD

- - H-97



04

i*1
'44

n INSPECT

_ _ _ --TEST

*1 __ _____ ____ _____ ____ SERVICE -

-'- ADJUST N

CALIBRATE

INSTALL0

REPLACE

REPAIR

OVMMIAUL

REUILD-

H-98



INSPECT

TEST

'4i, _ _ _SERVICE

S..ADJUST

ALIGN

-_______ ..... CALIBRATE q
INSTALL

RELACE

SREPAIR

OVERHAUL

"UILD

H-9



o 0 •
%~rfo

'--3

-9 INSPECT

TEST

SSERVICE

SADJUST'

ALIGN

W ~CALIBRATE I
INSTALL

REPLACE

SREPAIR

OVERHAUL

REBUILD

H-100



t. ¶eletypewrlter Central Office AN/MGC-17.

(1) Description. The AN/MGC-17 is a self-contained,

shelter-housed, voice-frequency (vf) telegraph switching center

with a power source. It is used as a telegraph central office in a

division area of an area type communications system. It contains

facilities for three teletypewriter circuits (nonsecure, half or

full duplex) or two secure, half duplex teletypewriter circuits,

when required, by the addition of communication security equipment.

(2) Selected Technical Characteristics.

(a) Teletypewriter circuits

(nonsecure) 3

(b) Teletypewriter switchboard

circuits 12

(c) Intershelter communication

facilities 1

(d) Security circuits 2

(e) Power requirements 115v, 6011z single phase, 3.1KW

S(f) Weight, including trlr-mtd

powr unit 3700 lbs.

(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LORA).

H-101C-)
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(a) General. The analysis was performed at the uS Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

members of the staff of the Command and Staff Training Departmient.

The I= team consisted of highly qualified Signal Corps

commissioned and warrant officers.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the AN/MGC-17 are shown on page H-103.

H-102
I.

H-102...



I II
0

6593
-4+

0 INSPECT

I .~-..TEST

SERVICE

ADJUST

"_ALIGN

CALIBRATE

INSTALL

REPLACE

S• REPAIR

_ _ _ _ _ __ _ _ _ _ OVERHAUL

F.H-UILD

H-103



. l ........

u. Central Office, Telephone, Manual ANA'IC-29

(1) Description. The ANI/TC-29 is a self-contained,

shelter-housed assemblage used to provide nonsecure manual central

office telephone switchboard facilities for corps and larger

command communication systems.

(2) Selected Technical Characteristics.

(a) Two-wire signal lines 60

(b) Intercommunications line 1

(c) Field telephone line 1

(d) Working limits of types

of signalling:

Magneto 22 - 25 miles of field wire

Common battery 4 1/2 - 5 miles of field wire

Comon battery (truck) 9 - 10 miles of field wire

Common battery (civilian

truck) 4 1/2 - 5 miles of field wire

(e) Power requirements

AC 115 v, 60Hz single phase, 2KW

DC BA-200/U and BA-30 batteries

(f) Weight 1806 lbs.

(g) Volume 272 cubic feet

(3) Unique Characteristics: None.

H-104
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(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

COdnance Center and School, Aberdeen Proving Ground, Maryland, by

muters of the staff of the Command and Staff Training Department.

The LORA team consisted of highly qualified Signal Corps

comissioned and warrant officers.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the AN/IM-29 are shown on page H-106.
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H-2. XNY10TIVE, POWER GEERATION, A1't SUPPORT EQIRM .

a. Truck Utility 1/4 Ton 4 x 4 Ml51AL.

(1) Description. This truck is a general purpose all-wvmather

personnel or cargo carrier designed for use over all roads and

cross-country terrain.

1 (2) Selected Technical Characteristics.

(a) Engine: 4 cylinder, in line, overhead valve producing 71

I @ 4000 RPM.

(b) Transmission: Manual, 4 forward speeds, 1 revers&, speed.

(c) Transfer: Single speed low range.

(d) Weight 2350 pounds (3600 pounds GVW)

(e) Length 132 inches

(f) Width 64 inches

(g) Fuel tank capacity 17 gallons

(h) Range 300 miles

(3) Unique Characteristics. The Truck Utility 1/4 ton 4x4 is

runique among Army tactical wheeled vehicles due to its unitized

construction body and independent suspension. All four wheels are

individually suspended on coil springs while other wheeled vehicles

use a leaf spring suspension system.

(4) Level of Pepair Analysis (LORA).

H
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(a) General. The analysis was performed in the Mobility

Training Department (WMD), US Army Ordnance Center and School,

Aberdeen Proving Ground, Maryland, by warrant officer and WO

instructors.

(b) CorrectionO, to the Maintenance Allocation Chart (MAC) for

the M151A1 are shown on page H-109.
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b. Truck Cargo, 2 1/2 TIon 6x6 M35A2.

(1) Description. This truck is a general purpose all- weather

cargo carrier designed for use over all ro~is and cross country

terrain. The truck is equipped with one driving front axle, two

driving rear axles, and a 12 foot flat bed steel body. This truck

is used primiarily to haul troops and/or general cargo.

(2) Selected Technical Characteristics.

(a) Engine: Six cylinder, multifuel U) 465-1, 140 HP @ 2600

RPM

(b) Transmission: Manual, five forward speeds, one reverse

speed

(c) Transfer: Two speed, hi and low range

(d) Weight 13,530 with winch

(e) Length 262 inches

(f) Width 88 inches

(g) Fuel tank capacity 50 gallons

(h) Range 500 miles

(3) Unique Characteristics. Thie Truck Cargo, 2 1/2 ton 6x6 is

a cross-country, ten driving wheel vehicle with a 5000 lb

cross-country payload. itie diesel engine will operate on gasoline

or a blend of diesel fuel and gasoline.

H-110



(4) Level of ]epair Analysis (tORA).

(a) General. The analysis was performed at the US Army

Ordnance Center and School at Aberdeen Proving Ground, Maryland, by

mubers of the school staff.

(b) Analysis. Corrections to the Maintenance Allocation Chart

(MAC) for the M35A2 are shown on pages H-112 through H-114.
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c. Truck Tractor, 5-ton 6x6 M818.

(1) Description. This truck has a tractor fifth wheel mounted

on a short wheelbase chassis. The truck is equipped with a driving

front axle and two rear driving axles, a 5 forward-speed

transmission, and a two-speed transfer case.

(2) Selected Technical Characteristics.

(a) Weight 19,260 pounds

(b) Length (w/winch) 280 inches

(c) Width 97 inches

(d) Height 89 inches

(e) Fuel tank capacity 110 gallons

(3) Unique Characteristics. The Truck Tractor 5-ton 6x6 M818

uses a Cummins NHC 250 diesel engine instead of the LD-465-1 multi-

fuel engine used on the earlier 5-ton models. A different exhaust

system is also used on the M818.

(4) Level of Repair Analysis (LORA).

(a) Generak. The analysis was performed at the Mobility

Training Department (MID), US Army Ordnance Center and School,

Aberdeen Proving Ground, Maryland, by personnel from KrD and the

school staff.

(b) Corrections to the MAC for the M318 are shown on pages

H-116 and H-117.
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d. Truck, Tractor, 10 Ton, 6x6, M123A1C.

(1) Description. This truck has a tractor fifth wheel mounted

on a short wheelbase chassis. The truck is equipped with a driving

front axle and two rear driving axles. The Ml23AlC is designed to

haul heavy combat equipment over-the-road, with limited off-road

capability. It is also capable of loading heavy combat vehicles

onto Semi-trailer HET M747 or Semi-trailer M15 by means of

tractor-mounted winches.

(2) Selected Technical Characteristics

(a) Engine 8 cylinder V-type, 4-cycle,

liquid ccoled diesel.

(b) Transmission Manual, 5 speeds forward,

1 reverse

(c) Weight 30,230 pounds

(d) Length 280 inches

(e) Width 114 inches

(f) Height 113 inches

(g) "Fuel tank capacity 166 gallons

(h) Range 300 miles

H-118



(3) Unique Characteristics. The Pt23klC exceeds the
dimunsion limitations permittAd under AR 700-105. Advance planning

is required in the siection of routes because of bridge capacities

and underpas and road cllecianoes involved.

(4) LEvel of Repalr Analysis (LMA).

(a) General. The analysis was performed at the Mobility

Training Department (MM), US Army Ordnance Center and School,

Aberdeen Proving Ground, Maryland, by members of MTD and the school

staff.

(b) Corrections to the MAC for the Ml23AIC are shown on pages

H-120 and H-121.
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e. Truck, Cargo 1 1/4 Ton 6x6 M561.

(1) Description. The Truck, Cargo M561 is used for hauling

general cargo or troops, or as an vinbulance over rough terrain or

improved roadways and highways. The M561 has an aluminum cab and

body with watertight crew, engine and cargo compartments.

(2) Selected Technical Characteristic6

(a) Engine GM 3-53 3 cylinder Diesel - 103 H.P. @ 2800 RPM

(b) Transmission: Manual Synchromesh 4 speed

(c) Length 227 inches

(d) Width 84 inches

(e) Height 91 inches

(f) Weight 10,200 pounds

(g) Fuel tank capacity 40 gallons

(h) Range 300 miles

(3) Unique Characteristics. The M561 has unusual rough

terrain capability because the vehicle consists of two modules, the

tractor and the carrier. IThe tractor-to-carrier coupling is a

double universal joint separated by a yoke. The coupling assembly

connects the center differential to the carrier propeller shaft and

H-122
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transmits drive force to the propeller shaft and rear differential,

while allowing the carrier to pitch in respect to the tractor. The

M561 has a swimming capability when the removable bottom drain

plugs are in place.

(4) Level of Repair Analysis (LORA)

(a) General. The analysis was performed at the Mobility

Training Department (WTD), US Army Ordnance Center and School,

Aberdeen Proving Grounds, Maryland, by warrant officer and NCO

instructors.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the M561 are shown or, pages 11-124 and 11-125.
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f. Semitrailer, Tow Bed, HET, 52 1/2 Ton XM747.

(1) Description. The Semitrailer, Low bed, Heavy Equipment

Transporter, 52 1/2 ton, XM747 is an eight-wheel vehicle designed

for use as a heavy equipment transporter. The semitrailer has

limited off-road capability, to bypass road obstru~t-ins and to

reach vehicle collecting points and areas for concealment. The

trailer consists of a frame assembly, with a gooseneck at the front

and flat bed at the rear, loading and unloading ramps, walking beam

suspension, air suspension system, air brake system, a 24 volt

electrical system and a series of rollers used to guide winch

cables during loading and unloading operations. The XM747 is towed

by a 22 1/2 Ton M746 or a 10 Ton MI23AlC tractor. Its primary

mission is to evacuate disabled tanks or other combat vehicles

over primarý or alternate MSR's to vehicle collecting points or

maintenance establishments. In addition, this transporter provides

a means of transporting such vehicles from railheads, ports,

depots, oi" supporting units to user or maintenance areas, and of

transporting non-disabled combat vehicles over extended distances

when movement under their own power is not desired or feasible.
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(2) Selected Te~chnical Characteristics.

(a) Length 513 inches

(b) Width 137 inches

(c) Height 119 inches

(d) Weight W0,776 pounds

(e) maximum permissible

payload 120,000 pounds

(f) Bed height 44 inches

(g) Bed length 317 inches

(h) Bed Width 120 inches

(3) Unique Characteris~tics. This semitrailer is the only

four-axle trailer in the Army inventory. The two front axles

utilize an unsprung walking beam suspension system. The two rear

axles use an air-suspension trailing-arm arrangement. when the

trailer is unloaded or only lightly loaded, the two rear axles can

be raised approximately three inches by a pneumatic lift system.

This provides better maneuverability when turning corners and

reduces tire wear when driving without a payload.

(4) Level of %~pair Analysis (LORA).
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(a) General. The analysis was performed in the Mobility

Training Depmc", ,it (MTD), US Army Ordnance Center and School,

Aberdeen Prov" m rd, Maryland, by warrant officer and NCO

instructors.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the XM747 are shown on page H-129.
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q. Generator Set, Gas Engine, 3KW

(1) Description. This generator set is a self-contained,

frame mounted, portable unit powered by a 4-cylinder Military

Standard engine. The generator is a self-excited 400-Hertz,

alternating current generator with an output of 120/240 volts,

single phase; 120 volts, 3-phase; or 120/208 volts, 3-phase, 4

wire; and is rated at 3 kilowatts (KW). The generator set is

considered to be a simply maintained item which requires no special

tools or test equipment at the organizational level.

(2) Selected Technical Characteristics.

(a) Frequency - 400 Hertz (Hz)

(b) Power output - 3 kilowatts (KW)

(c) Speed - 3428 rpm

(d) Fuel Tank Capacity - 3.75 gallons

(e) Length - 35 inches

(f) Width - 24 inches

(g) Height - 25 inches

(h) Weight - 275 pounds

(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LORA).

H
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(a) General. The analysis was performed at the US Army

Engineer School at Port Belvoir, Virginia, by members of the staff

and faculty of the Mechanical and Technical Department, Office of

the Deputy Commandant for Training and Education.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the 3KW generator set are shown on page H-132.
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h. Compressor, Rotary, Air, Trailer Mounted, GED, 250 CFM, 100

PSI

(1) Description. This compressor unit is a trailer mounted,

diesel engine driven, sliding-vane-type rotary air compressor. It

furnishes 250 cubic feet of free air per minute at a discharge

pressure of 100 pounds per square inch. The engine is a four

cylinder four cycle, liquid-cooled, diesel which drives the

compressor assembly through a flexible coupling.

(2) Selected Technical Characteristics.

(a) Manufacturer - Davey Compressor Company

(b) Type - Sliding-vane, air, rotary

(c) Air delivered - 250 CF?4

(d) Air pressure - 100 PSI

(e) Fuel Tank - 45 gallons

(f) Fuel consumption - 5.6 gallons per hour

(g) Weight - 6,584 pounds

(h) Length - 211 inches

(i) Width - 96 inches

(j) Height - 82 inches

(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LORA)

.A



(a) Gen•-ral. The analysis was performed at the US Army

Engineer School at Fort Belvoir, Virgina, by membere of the staff

and faculty of the Mechanical and Technical Department, Office of

the Deputy Comuandant for Training and •kucation.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the 250 CF'M coaipressor are shown on page H-135.
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(i) Bakery Plant, Trailer Mounted, M-1945,

(1) Description. This bakery plant consists of three

trailer-nfunted bakery ovens, one trailer-mounted dough mixing and

makeup outfit, three dough-proofing cabinets, one electric flour

sifting machine, and two generator sets.

(2) Selected Technical Characteristics.

(a) Oven

1 Capacity (pans) 36 pans-per oven

2 Capacity (loaves) 6 per pan

3 Length 1, feet 1 inch

4 Width 7 feet 4 inches

5 Weight 6,500 pounds

(b) Mixing and Makeup Outfit

1 Capacity (dough) 492 pounds

2 Water tank 30 gal

3 Height 9 feet 3 inches

4 Length 20 feet 1 inch

5 Weight 11,000 pounds

(c) Proofing Cabinets

1 Capacity 36 gans-per

2 Height 5 feet 10 inches

3 Length 5 feet 10 inches

4 Weight 386 pounds

H-136
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(d) Flour Sifter

I Capacity 60 pounds per min

2 Height 66 inches

3 Width 42 inches

4 Weight 210 pcands

(3) Unique characteristic. None.

(4) Level of Repair Analysis (LODA).

(a) General. The analysis of the bakery plant was perfor'med

at the LS Army Ordnance Center and School by members of the staff

and faculty of the Chemical and Ground Support Training Department.

The LORA team consisted of senior NCO instructors in the Materiel

and Maintenance Division.

(b) TM 10-7360-201-20 was used by the team for its analysis.

The LORA revealed no requirement for corrections to present

maintenance tasks.
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j. Laundry Unit, Trailer Mounted

(1) Description. The Eidal Laundry Unit, Model ELT9T is a

complete laundry unit capable of operating for 20 hours per day

continuous operation. It is powered by a 10KW engine-generator

set. The water heater can be operated using either gasoline or

fuel oil.

(2) Selected T1echnical Characteristics.

(a) Power Supply 10KW

(b) Height 96 inches

(c) Width 96 inches

(d) Length 200 inches

(e) Weight 9,300 pounds

(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LORA).

(a) General. The analysis of the laundry unit was performed

at the US Army Ordnance Center and School by members of the staff

and faculty of the Chmaical and Ground Support Training Department.

The team consisted of senior NCO instructors in the Materiel and

Maintenance Division.

(b) TM-10-3510-208-12 was used by the team for its analysis.

Corrections to the Maintenance Allocation Chart (MAC) are shown on

page H-139.
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H-3. COMlBAT VEHICLES AND HEAVY WEAPONS

a. Mortar, 81mm: M29 and M29AI.

(1) Description. This mortar is a smooth-bore,

muzzle-loading, high angle-of-fire weapon consisting of a cannon,

bipod assembly and baseplate. The cannon barrel has a base plug

and a fixed firing pin for drop firing. It is employed as a ground

weapon or mounted on combat vehicles.

(2) Selected Technical Characteristics

(a) Weight - 107 lb.

(b) Elevation - 400 to 800 (approx)

(c) Traverse - (R or L) 40 (approx)

(d) Range (max 450 elev) - 3,885 yards

(e) Rate of Fire (normal) - 18 rd/min

(3) Unique Characteristics. The 81ram Mortar- the only mortar

in the study sample-is unique by virtue of its simplicity. Aside

from the mount, there are virtually no moving parts. This

characteristic reduces the maintenance requirements significantly

from that of other weapons of comparable size.

(4) Level of Repair Analysis (WORA)

H-140
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(a) General. The analysis was conducted at the US Army

Ordnance Center and School by members of the faculty assigned to

the Conventional Weapons Division of the Weapons Training

Department.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

th.! M29 and M29A1 are shown on page H-142 and H-143.
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b. Carrier, Personnel, Full tracked, Armored, M1I3Al

(1) Description. The MII3Al full tracked Armored Personnel

Carrier is used to transport troops or cargo in sup)ort of tactical

operations. It is designed to operate in rough cross-country

terrain and is capable of high speed operation on improved roads.

The carrier is air-transportable and air-droppable. The carrier

accommodates a driver, troop commander, and 11 passengers.

(2) Selected Technical Characteristics.

(a) Engine: Detroit Diesel 6 cylinder, V-type, 2 cycle,

liquid cooled, 215 hp.

(b) Transmission: Autcmatic, torque converter with lock-up

clutch. Three forward speeds, 1 reverse speed.

(c) Weight 22,615 pounds

(d) Length 192 inches

(e) Width 106 inches

(f) Height 98 inches

(g) Fuel tank capacity 80 gallons

(h) Range 200 miles

(i) Max speed 40 miles per hour

(j) Fording depth Vehicle can float

I
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(3) Unique Characteristics. The Mll3AI carrier is unique

because of its low silhouette, light weight and ability to swim

small lakes, rivers and streams.

(4) Level of Repair Analysis (0RAM).

(a) General. The analysis was performed at the US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

members of the staff of the Mobility Training Department (MTD).

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the MII3Al are shown on pages H-145 and H-146.
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c. Gun, Air Defense Artillery, Self-Propelled 20umm, M163.

(1) Description. The M163 anti-aircraft system is a

lightweight, air transportable, amphibious vehicle capakle of high

speed travel on Improved highways. It is essentially an Mll3Al

chassis mounting an electrically driven 2Smm six-barrel automatic

cannon. It is manned by a four-man crew and is effective against

subsonic low flying aircraft, and ground targets. The six-barrel

gun is provided with two barrel clamps to provide the best pattern

against air or ground targets. The gun fires the 1100-round basic

load of 20mm ammunition at rates of 3000 rounds per minute

continuously or 6000 rounds per minute with interrupted bursts.

Major camponents are the M168 Cannon, M61 Sight, AN/VPS Radar Set,

M157 Mount, and M741 Chassis.

(2) Selected Technical Characteristics.

(a) Weight 24,370 pounds

(b) Length 191.5 inches

(c) Width 106 inches

(d) Height 106 inches

(e) Fuel tank capacity 95 gallons

(f) Range 300 miles

(g) Max speed 40 miles per hour
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(3) Unique Characteristics: 7he six-barrel "Gatling" type

automatic cannon.

(4) Level of Repair Analysis (WRA).

(a) General. The analy3is was performed at the US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

members of the staff of the Weapons Training Department (WID).

(b) The LORA for the M741 chassis is identical to that for the

M113A&, and consequently was not repeated for this vehicle.

Corrections to the Maintenance Allocation Chart (MAC) for the

weapon and ammunition feed portions of the system are shown on page

H-149.
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d. Tank, Combat, Full n'acked, 105lmn Gun, M6@Al

(1) Description. The M60AI tank is a steel-hulled, full

tracked combat vehicle designed to engage and defeat enemy combat

vehicles. This tank is designed to provide maximum ballistic

protection for the crew and is heavily armed. The tank crew

consists of a commander, gunner, loader and driver.

(2) Selected Tlechnical Characteristics.

(a) Engine Continental model

A'A)A-1790-2A, 12 cylinder 90

degree V-type 4- cycle air

cooled diesel engine

(b) Transmission Automatic, torque

oonverter with high-low range,

2 speeds forward, 1 reverse.

(c) Weight 108,000 pounds

(d) Length 286 inches

(e) Width 143 inches

(f) Height 130 inches

(g) Fuel 375 gallons (diesel fuel)

(h) Range 320 miles

H-150
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(i h Maximum speed 30 miles per hour

(j) Armament 105ram high velocity gun, 50

cal MG, 7.62mn MG

(k) Turning radius Pivot to infinity

(3) Unique characteristics. Vehicle can ford to a depth of

four feet (15.5 feet with snorkel kit).

(4) Level of Repair Analysis (LORA).

(a) General. The analysis waL performed at Aberdeen Proving

Ground by the Weapons and Mobility Training Departments of the US

Army Ordnance Center and School, Aberdeen Proving Ground, Maryland.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the M60A1 are shown on pages H-152 through H-154.
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e. Howitzer, Medium, Self-Propelled: 155ram, MI09A1

(1) Description. The M19Al is an armored, full-tracked,

self-propelled, turret-mounted artillery wapon capable of being

transported in large cargo aircraft. It is designed to provide

direct artillery support to ground forces. Except for its longer

cannon tUxbe which provides increased range, the MI09Al is

essentially identical to the M109.

(2) Selected technical characteristics.

(a) Engine: Detroit Diesel, turbo-charged, 8 cylinder,

V-type, 2-cycle, liquid cooled, 405 HP @ 2450 RPM.

(b) Transmission: Allison torque converter type which also

provides steering anid brakes.

(c) length 261 inches

(d) Width 124 inches

(e) Height 120 inches

(f) Fuel 135 gallons (diesel fuel)

(g) Range 220 miles

(h) Speed 35 miles per hour

(i) Armament 155ram Howitzer M126 or M126E1

(j) Weight 52,461 pounds

H-155
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(3) Unique Characteristics. The M109AI is unique in that it

has the same chassis as the Howitzer, Light, Self-Propelled:

105amn M1l08. The interchangeability of chassis parts tends to

enhance the operational availability rates for both end items.

(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the Mobility

Training and the weapons Training Depart-cents of the US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by a

team of NCO instructors.

(b) Corrections to the Maintenance Allocation Chart (MNC) for

the MlG9Al are shown on pages 11-157 through H1-161.
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f. Recovery Vehicle, Full Tracked: Light, Armored, W,78.

(1) Description. The M578 is a low-silhouette, all-welded

steel recovery vehicle mo~unting an independently operated cab and

boom. All the recovery and suspension equipment is hydraulically

controlled and operated. Each of the M578's ten pairs of road

wheels is equipped with an independent torsion-bar suspension

system. Tte crane consists of a box-section boom mounted on an

armored cab containing the boan elevating cylinders and winch

devices. The~ M578 is used for maintenance support of tactical and

combat vehicles. It is air-transportable and is designed to

service, repair and tow vehicles weighing up to 30 tons. As an

artillery support vehicle, it is used to change artillery tubes and

handle rocket equipment.

(2) Selected Technical Characteristics

(a) Engine: Detroit Diesel, 8 cylinder,

V-type, turbo charged, two

cycle liquid cooled, 425 hp

(b) Transmission: Automatic torque converter

with automatic lock up clutch.

Four forward speeds, 1

reverse; 2 speed final drive.

Provides steering and braking.
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(c) Length 250 inches

(d) Width 124 inches

(e) Oftight 130 inches

(f) Wight 59,000 pounds

(g) Fi.l 320 gallons (diesel fuel)

(h) Range 450 miles

(i) Maximum speed 37 miles per hour

(j) Fording depth 42 inches

(3) Unique Characteristics. The M578 is unique among

track-laying recovery vehicles in that its crane is mounted on a

turret ring and traverses 360 degrees. The M4578 uses the same

chassis as the Howitzer, Heavy Self-propelled 8-inch, Mi10, and

QGm, Field artillery, 175nm, M107.

(4) Level of Repair Analysis ([OPA).

(a) General. Tt* analysis was performed at the Mobility

Training Department (MTD), Aberdeen Proving Ground, Maryland, by

warrant officer and WCO track vehicle instructors.

(b) Corrections to the Maintenance Allocaion Chart (MAC) for

the M578 are shown on page H-164.
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g. Recovery Vehicle, Full Tracked, Medium, M88

(1) Description. The M88 is a full tracked armored recovery

vehicle. The hoist winch uses an "A" frame boom which may be

operated in two positions. In the low position, objects &a0r

equipment may be lifted to a height of 19 feet. In the high

position, this height is increased to 22 feet. The M88 is equipped

with an 11-foot-wide spade, which is normally used to stabilize the

vehicle, but which can also be used for limited bulldozing. The

M88 mounts a .50 cal machine gun for defense.

(2) Selected Technical Characteristics.

(a) Engine: 12 cylinder V-type, turbo

charged, 4 cycle, air ccooed

fuel injected (gasoline) 1020

hp.

(b) Transmission Automatic, torque converter

with automatic lockup

clutch. Three forward speeds,

1 reverse. Provides steering

and braking.

(c) Weight 112,000 pounds

(d) Length 326 inches

(e) Width 135 inches

H-165
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4(f) Height 123 inches

(g) Fuel tank capacity 252 gallons

(h) Range 222 miles

(i) Draw bar pull (Max) 81,000 pounds

(J) Fording depth 64 inches

(3) Unique Characteristics. The M88 recovery vehicle is

unique because it- is the last gasoline-powered full tracked armored

vehicle in the Active Army.

(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the Mobility

Training Department (MTD) of the LI Army Ordnance Center and

School, Aberdeen Proving Ground, Maryland, by warrant officer and

WO track vehicle instructors.

(b) Corrections to the maintenance Allocation Chart (MAC) for

the M88 are shown on page H-167.
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h. Armored Reconnaiessace/Airborne Assault Vehicle,

Full-tracked, 152MM M551

(1) Description. The M551 is a light weight, full-tracked,

diesel powered armored reconnaissance/airborn e assault vehicle. It

is capable of amphibious operation and can be transported or

air-dropped by cargo aircraft. Armament consists of a 152MM

gun/launcher capable of firing either conventional ammunition or

guided missiles. The gun/launcher is mounted in a 3600 rotating

turret.

(2) Selected 'Technical Characteristics.

(a) Engine: Detroit Diesel, 6 cylinder,

V-type, turbocharged, 2 cycle

liquid cooled, 300 hp at 2800

rpm.

(b) Transmission: Automatic, torque converter

with lockup clutch. 4 forward

speeds, I reverse; 2-speed

final drive. Provides

steering and braking.

(c) Length 248 inches

(d) Width 110 inches

(e) Height 116 inches

H-168
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(f) Range 373 miles

(g) Fuel Tank Capacity 158 gallons

(h) Maximum speed 43 miles per hour

(3) Unique Characteristics. The M551 is unique in that it can

fire either a conventional round or a guided missile, and is

lighter in wight than most other heavily armed tracked vehicles.

(4) Level of Repair Analysis. (LORA)

(a) General. The analysis was performed at the US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

warrant officer and NCO instructors from the Weapons Training

Department (WMD), and the Mobility Training Departmerit (MTD).

(b) Corrections to the Maintenance Allocation Chart (MAC) of

the, M551 are shown on pages H-170 through H-172.
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H-4. )tNSTRUCTION AND MATERIEL HANDLING EQUIPMENT

a. Crane, Wheeled Mounted, 20-ton, RT

(1) Description. This 20-ton, rough terrain crane is diesel

engine driven, has a 20-ton lift capacity, and is equipped with a

30-foot boom, a utility blade, and a 20-ton block and tackle. It

is wheel mounted and is designed for operation on rough terrain.

The crane is air transportable by segmentation of components.

(2) Selected Technical Characteristics.

(a) Manufacturer American Hoist and Derrick

Company

(b) Engine 8 cylinder, inline, liquid

cooled diesel, 265 hp

(c) Transmission Automatic

(d) Length with boom 521-1/2 inches

(e) Height 154 inches

(f) Width 128 inches

(g) Weight 61,500 pounds

(h) Fuel tank capacity 110 gallons

(3) Unique Characteristics. None.
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(4) Level of repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

Engineer School at Fort Belvoir, Virginia, by members of the staff

and faculty of the Mechanical and Technical Department, Office of

the Deputy Commandant for Training and Mucation. The team

consisted of six senior instructors in the Mechanical Division.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the 20-ton crane are shown on page H-175.
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b. Loader, Scoop, 645M

(1) Description. This item is a four-wheel-drive,

ruober-tired, articulated, multi-purpose bucket front end loader

with a 2-1/2 cubic yard bucket capacity. The bucket has two

cylinders, one mounted on each side, which operate the bucket clam.

The bucket can be used as a front end bucket I.oader, a clam-type

bucket, a bulldozer, and a scraper.

(2) Selected Technical Characteristics.

(a) Manufacturer Allis Chalmers

(b) Engine 6 cylinder, inline, liquid

cooled diesel, 157 hp

(c) Transmission Automatic, torque converter, 2

speeds forward, 1 reverse

(d) Length 279 inches

(e) Width 101 inches

(f) Height 102 inches

(g', Weight 25,200 pounds

(h) Fuel tank capacity 110 gallons

(3) Unique Characteristics. None.
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(4) Level of Repair Analysis (WRA)

(a) General. The analysis was pei 'ormed at the US Army

&ineer School at Fort Belvoir, Virginia, by members of the staff

and faculty of the Mechanical and Technical Department, Office of

the Deputy Commandant for Training and Eklucation. The team

consistse of senior instructors in the Mechanical Division.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the scoop loader are shown on page H-178.
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c. Grader, Road, 440HA

(1) Description. The 440HA is a self-propelled motor grader

with a hydraulically-positioned moldboard. The grader requires

only one operator.

(2) Selected Tchnical Characteristics.

(a) Manufacturer Westinghouse Air Brake Ccmpany

(b) Dngine 4 cylinder, inline, 2 cycle,

liquid cooled diesel

(c) Transmission Mechanical, 6 speeds forward,

3 speed reverse

(d) Length 309 inches

(e) Width 92 inches

(f) Height 92 inches

(g) Weight 26,500 pounds

(h) Fuel tank capacity 52 gallons

(3) Unique Characteristics. None

(4) Level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

Engineer School at Fort Belvoir, Virginia, by members of the

I
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staff and faculty of the Mechanical and Technical Department,

Office of the Deputy Commandant for Training and Education. The

team consisted of senior instructors in the Mechanical Division.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the 440Hk are shown on page H-181.
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4 ~d. Tractor, Full-tracked, W7E

(1) Description. The W7E is a full-tracked, low speed, medium

drawbar pull bulldozer. It is powered by a four cylinder,

four-cycle, turbocharged diesel engine, and is equipped with a

24-volt starter.

(2) Selected Te~chn ical Characteri1st ics.

(a) Engine 4 cylinder in-line, 4 cycle,

turbocharged, diesel, liquid

cooled, 200 hp.

(b) Transmission Automnatic, torque converter

(c) Height 96 inches

(d) Length 176 inches

(e) Wid th 133-1/2 inches

(f) Weight 31,870 pounds

(g) Fording depth 30 inches

(3) Unique Characteristics. None.

H-182
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(4) level of Repair Analysis (LORA).

(a) General. The analysis was performed at the US Army

Engineer School at Fort Belvoir, Virginia, by personnel from the

Mechanical and Technical Department, Office of Deputy Commandant

for Training and Education. The team consisted of senior

instructors from the Mechanical Division.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the W7E are shown on page H-184.

A.A
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e. Truck, Forklift, Diesel Engine, Rough Terrain, 6000 lb.

(1) Description. The truck Forklift, RT, is capable of

operating over all types of terrain. Tt*¶ truck is equipped with

two-wheel and four-wheel drive, enabling it to negotiate mud, snow,

sand, and steep grades. ithe body and forks of the truck may be

tilted right or left in relation to the front axle. The truck has

hydraulic brakes, power steering, and a torque converter

transmission.

(2) Selected Te~chnical Characteristics.

(a) Engine: Detroit Diesel 4 cylinder

453-N 136 liP @ 2800 RPM

(b) Transmission Automatic, To~rque Converter

(c) Length 228 inches

*(d) Width 102 inches

(e) Height 124 inches

(f) Maximum weight load 6000 pounds

(3) Unique Characteristics. This forklift is unique because

it is equipped with front and rear axle steering which enables it

to rmove sidewise at 20 degree angles, and also gives it a shorter

turning radius.
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(4) Level of Repair Analysis (LORA).

(a) General. The analyais was performed at the US Army

Ordnance Center and School, Aberdeen Proving Ground, Maryland, by

warrant officer and NCO instructors of the Mobility Training

Department (RMD).

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the RT Forklift are shown on pages H-187 and H-188.
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H-5. SPALL, ARMS

a. Rifle, 5.56m, M16A1

(1) Description. The M16AI is a light-weight, air-cooled, gas

operated, magazine-fed, shoulder or hip weapon designed for

semi-automatic or full-automatic fire which utilizes a 20-round box

type magazine or a 30 round curved-box magazine.

(2) Selected Technical Characteristics.

(a) Weight (20 round magazine) 7.6 pounds

(b) Length (with flash suppressor) 39 inches

(c) Ammunition type Ball and Tracer

(d) Range (Maximum) 2,653 meters

(e) Rate of Fire

Semie'itomatic 45-65 Rd/Min
Automatic 150-200 Rd/Min
Sustained 12-15 Ed/Min

(3) Unique Characteristics. Replacement of the Ml6Al barrel

is authorized at the direct support level. On earlier weapons,

this was a depot maintenance task.

4-
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(4) Level of Repair Analysis (LORA).

(a) Generai, This analysis was performed at the US Army

Ordnance Center nd School by personnel of the Conventional Weapons

Divisian, Weapons Training Department.

(b) Corrections to the Maintenance Allocation Chart (MAC) fcr

the M16AI are shown on page H-191.

H1-190
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b. Machine Gun, 7.62mm, M60

(1) Description. The M60 is an air-cooled, link-belt-fed,

gas-operated automatic weapon. It features fixed headspace which

permits rapid changing of barrels.

(2) Selected Technical Characteristics.

(a) Weight

Machine gun 23 pounds
Mount 15 pounds

(b) Length 43.5 inches

(c) Range 3,200 mett.rs

(d) Rate of Fire

Cyclic 500 Rd/Min
Sustained 100 Rd/Min
Rapid 200 Rd/Min

(e) Miuzzle Velocity 3,800 FPS

(3) Unique Characteristics. None.

(4) Level of Repair Analysis (LORA).

(a) General. The analysis of the M60 machine gun was

performed at the US Army Ordnance Center and School by members of

the Conventional Weapons Division, Weapons Training Department.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the M60 are shown on pages H-193 and H-194.

H-192
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H-6. OFFICE MACHINE EQUIPMENT

a. Typewriter, Electric, IBM (Model D)

(1) Description. This typewriter is a non-portable, electric,

15 inch carriage, upper and lower case characters machine. The

Model D has the American Standard Keyboard consisting of 42-44

keys, elite or pica type.

(2) Selected Technical Characteristics.

(a) Power 110 volt/60 Hz

(b) Motor Speed 1625 RPM

(c) Motor Rated 1/35 horsepower

(d) Carriage 15 inches

(3) Unique Characteristics. There is neither a Maintenance

Allocation Chart nor a Department of the Army Technical Manual for

this typewriter. Maintenance training for typewriter repairmen is

conducted using USAQS student workbooks which are developed from

exL ring equipment manufacturers' repair manuals.

(4) level of Repair Analysis (LORA).

(1) General. The analysis was performed at the US Army

Quartermaster School at Fort Lee, Virginia, by members of the staff

and faculty of the Office Machine Branch, Office of the Deputy

Ccomandant for Training and Education. The team consisted of the

Chief of the Office Machine Branch and two senior instructors.

.H-195
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(b) The LORA was limited due to the absence of both MAC and

TM's. The analysis team recommended that repair of this item be

accomplished at the US oe ... The maintenance concept should place

responsibility for Preventive Maintenance on the User, with

necessary repairs being accomplished by a DS repairman, on-site to

the maximum extent feasible.

b. Pdding Machine, 10-Key, Listing, Victor

(1) Descripticn. This item is a light weight, electric,

listing, 10-key, adding and subtracting machine. The motor may be

operated without damage from a 25 Hertz alternating current supply

or any other frequency that does not exceed 60 Hertz. Motors are

available as original equipment or for replacement that are

designed to operate from 220-240 volt, 60 Hertz alternating, or

direct current.

(2) Selected Technical Characteristics.

(a) Voltage 110-120 or 220-240

(b) Power Supply DC or AC (25-60 Hz)

(3) Unique Characteristics. This particular adding and

subtracting machine is one of four (Burroughs, Olivetti, Remington,

Victor) used at USAQMS for instruction of MOS 41J students. There

is neither a Department of the Army Technical Manual nor

Maintenance Allocation Chart for this machine. Maintenance

training for the adding machine is conducted using USAQMS student

workbooks which are developed from existing equipment

manufacturers' repair manuals.

H-196
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(4) Level of Repair Analysis (WDRA).

(a) General. The analysis was performed at the US Army

Quartermaster School at Fort Lee, Virginia, by members of the staff

and faculty of the Office Machine Branch, Office of the Deputy

Ccmmandant for Training and Diucation. The team consisted of the

Chief of the Office Machine Branch and t senior instructors.

(b) The IDRA was limited due to the absence of both MAC and

TM's. The analysis team recomnended that the repair of this item

be accomplished at the D6 level. The maintenance concept should

place responsibility for Preventive Mainteibance on the User,

with necessary repairs being accomplished by a DS repairman,

on-site to the maximum extent feasible. This concept is presently

used by most civilian office machine repair firms. The required

high-mortality repair parts and tools are relatively small and can

be carried by the repairman.

H-197



H-7. CHEMICAL-BIOLOXGICAL EQUIPMENT

a. Mask, Chemical-Biological, Field, MI7Al

(1) Description. This mask is issued in three sizes with five

major components: facepiece, carrier, eyelens outserts, canteen

cap and water-proofing bag. Tte mask is used to protect the face,

eyes, and respiratory tract of the wearer from field concentrations

of chemical and biological agents. The mask does not protect the

user against ammonia or carbon-monoxide fumes, nor is it effective

in confined spaces where the oxygen content of the atmosphere is

too low to maintain functional capability (below 18 percent).

(2) Selected Technical Characteristics.

(a) Self-contained systems 2 (drinking, resuscitation)

(b) Basis of issue 1 per individual except those

authorized tank or aircraft

masks

(c) Filter 2 ea (M13 series)

(d) Filter shelf life Ml3Al - NA (for riot control

& training only)

M13A2 - 5 years

(e) Model use M13 - for training only

MI3Al - riot control agents

& training

M13A2 - approved for toxic

agents

H-198
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(3) Unique characteristics. The simplicity of the maintenance

function for this item makes it a unique piece of equipment.

(4) Level of Repair Analysis (EDRA).

(a) General. The analysis of the protective mask was

performed at the US Army Ordnance and Chemical Center and School by

meubers of the staff and faculty of the Chemical and Ground Support

Training Department. The team consisted of senior chemical

equipment instructors (MOS 54D) in the Materiel and Maintenance

Division.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the Ml7Al Mask are shown on page H-200.

H1
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b. Flamethrower, Mechanized, Main Armament, APC Mounted.

(1) Description. The mechanized flamethrower is a

full-tracked, lightly armored vehicle consisting of an M10-8

kit-type flame thrower permanently mounted in a cupola on a

modified 4113 APC chassis. The cupola contains the flame gun and

shroud, periscope and vision blocks, and the machine gun. It is

manually elevated and traversed. The cupola is linked to four air

and fuel tanks carried inside the cargo compartmient of the vehicle.

These tanks are mounted on skids on a metal frame pallet, can be

disconnected frctn one another and from the pallet, and thus removed

from the vehicle, greatly increasing the speed with which the

vehicle can be reserviced. The normal crew for the vehicle is a

gunner and a vehicle driver.

(2) Selected Technical Characteristics.

S(a) Gun firing time 32 seconds

(b) Elevation/Depression + 55 degrees to - 11 degrees

(c) Azimuth traverse 360 degrees

(d) Air tank capacity 3,000 psi

(e) Fuel tank capacity 200 gal

(3) Unique Characteristics. None.
fV
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(4) General. The analysis of the flamethrower was performed

at the US Army Ordnance and Chemical Center and School by members

of the staff and faculty of the Chemical and Ground Support

Training Department. The teaw consisted of senior chemical

equipment instructors in the Materiel and Maintenance Division.

(b) Corrections to the Maintenance Allocation Chart (MAC) for

the Flamethrower are shown on pages H-203 through H-205.
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APPENDIX I

COST AND OPERATIONAL EFFECTIVENESS ANALYSIS (COEA)

I-l. INTroucTION.

a. The acceptable alternatives in this study were subjected to

an independent cost and operational effectiveness analysis to

evaluate their relative worth. The basic vehicle for the

effectiveness evaluation was a computer based simulation model,

Maintenance and Support Concepts (MASC), developed under contract

by B•Y Services Company (BDMSC). The SCORES ME II scenario was

selected as the operational setting from which force structures and

scenario dependent parameters were drawn.

b. This appendix describes, in general terms, the alternatives

evaluated, th.. methodologies developed and used, the results

obtained, and the conclusions derived. A detailed description of

the contractor's methodology can be found in the BDMSC report,

Maintenance Su222rt Concepts Effectiveness, Cost, and

Cost-Effectiveness Methodolciest With Cost and rational

Effectiveness Anaysis for PrioritylSubstudies. 7 /

1-2. ALTERNATIVES CCUSIDERED.

a. This study identified three trend-type alternatives with

respect to allocation of maintenance tasks:

(1) Retain the status quo.

(2) Allocate a significant proportion of Army maintenance

tasks to categories farther to the rear than at present.

ir1Il I-]--~-



(3) Allocate a significant proportion of Army maintenance

tasks to categories farther forward than at present.

b. 7he study team anticipated that, although the preferable

trend would probably become apparent by the time the Level of

Repair Analyses (LORAs) were completed, it would be necessary to

await the results of the COEA before the desirability of that trend

could be confirmed. This proved to be the case, as Alternative 2

became recognizable as inconsistent with the trend established by

the LORAs. Thus, the COEA methodology was structured to assess the

changes in cost and effectiveness resulting from a comparison of

Alternatives 1 and 3. Alternative 1 was taken as the baseline

case, and Alternative 3 was compared with it.

c. The specific alternatives evaluated were:

(1) Baseline: Current published maintenance allocations.

(2) Altert.iLve: Allocation of a significant proportion of

maintenance tasks to categories farther forward than at present.

1-3. OPERATIONAL EFFECTIVEESS METHODOOGY.

a. Measure of Effectiveness (MOE): The operational

availability (OA) of 12 representative mission-essential,

maintenance-significant, high density end items was used as the

primary measure of effectiveness for evaluation of the recommended

alternative in the contractor's methodology. Since the objective

of maintenance operations is to maximize OP of Army materiel, OA

rates were regardez as the most appropriate MOE. The positive

correlation between OA rates and battlefield effectiveness is

1-2
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widely recognized, but its quantification is best left to the

equipment user. The results reported in this appendix are based on

supplementary analysis conducted to assess fully the effectiveness

of the Maintenance Allocation Chart (MAC) corrections resulting

from the iDRAs. In this additional analysis, the operational

availability of seven selected major end items was considered to be

the measure of effectiveness.

b. Scenario: An expanded SCORES ME II scenario was used as

the operational setting from which scenario-dependent parameters

were drawn. Ahere specific data was not available, such as during

ungamed time periods between critical incidents, both professional

military judgment and mathematical techniques were used to predict

required information. Specific instances of this are described

below:

(I) Modeled Force: A US corps consisting of 3 1/3 US

divisions (one mechanized infantry division, two armored divisions,

and one separate infantry brigade, plus elements of the Corps

Support Command) was used as the modeled system. Maintenance

elements at organizational, direct support, and general support

levels were considered.

(2) Operational Availability: For the purposes of this

evaluation, operationally available equipment was defined as

equipment that was operative and in the hands of the using soldier

or crew. Unavailablity was measured from the time of damage or

failure which required maintenance, to the time when the repaired

1-3
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end item was returned to the using soldier or crew. Time delays

associated with movement of end items (both operative and

inoperative& between supporting and supported units were considered

in determining operational availAbility.

c. Maintenance Workload: The maintenance workload, used to

load and ultimately to test the acceptable study alternatives, is

generated in the MASC model preprocessor as a stream of materiel

malfunctions or failures. The generation of these failures is

based on the passage of time, equipment usage, and equipment

failure rates which are automatically increased during periods when

equipment is subject to combat damage in addition to normal

failures.

(1) The preprocessor establishes, for each generated failure,

(a) the end item and type of failure,

(b) the unit to which the end item belongs, and

(c) the type of repair facility required for correction of the

failure.

(2) Appropriate wait for transportation, wait for diagnosis,

wait for parts, repair, and final inspection times are documented

for each generated failure, which proceeds through the maintenance

system until one of three events occurs:

(a) the failed item is returned to service,

(b) the failed item is removed from the system (salvage or

evacuation for depot maintenance), or

(c) the scenario ends. 1-



d. System Model: A detailed system model description is

contained in the BDMSC report. Since the scenario was limited to a

length of 120 days (a period so short that results of depot

maintenance of scenario-generated failures could scarcely be felt

an the battlefield) the model focuses on organizational, direct

support, and general support maintenance capabilities. The model

permits only end items whose failures must be repaired above the

general support level to leave the modeled system. The number of

such failures is so small (and restricted to a single end item,

binoculars) that no items are brought into the system as

replacements for evacuated end items.

e.* Model Parameters Manipulated:

(1) Changes in operational availability, as a result of the

allocation corrections made by the LORA teams, were accomplished by

manipulating the lowest level of repair permitted. Mo~del input

specified the level of repair for each failure type associated with

each end item, and thus, the input could reflect the corrections in

the MAC chart associated with each end item. Examples of actual

input are provided later in this appendix.

(2) Model parameters are fully identified in the BDMSC report.

It should be noted that a numrber of the parameter values,

particularly those for the various time delays and for parts

availability, were based on judgmental estimates. This method was

necessary because of the absence of valid data on organizational

and support maintenance unit performance. The estimates, developed
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by a panel of maintenance personnel, were based on the limited

documented data and on the panel's extensive operational experience

in maintenance in the field.

1-4. OPERATIONAL EFFECTIVENESS EVAWUATICN.

a. The BDMSC report describes the MASC model and the results

of the BDMSC operational effectiveness evaluation of the study's

acceptable alternatives. The effectiveness results documented in

the BDMSC report were considered inadequate to accurately assess

the effectiveness of the compared alternatives. This inadequacy

resulted from three basic deficiencies: (a) Failure to recycle

incorrect repairs which are passed on final inspection, or which

received no final inspection at all; (b) Improper tracking of

current OA levels in the main model because of counting returns

from support maintenance at the end of the simulated period and not

at the time of actual return to service; and (c) failure to

identify and evaluate valid secondary measures of effectiveness,

such as item turnaround times at the various maintenance levels.

Additionally, program logic errors were discovered in the

preprocessor which caused improper selection of repair times given

a correct diagnosis, and improper determination of repair parts

availability.

b. Tlo refine the BDMSC analysis and correct the deficiencies

and errors noted above, it was necessary for members of the study

team to conduct extensive supplementary analysis and to make

additional model runs. The basic approach for the supplementary

1-6
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analysis was to make maximum use of the results documented by BDMSC

"* and thus limit the expenditure of computer time and manpower. The

first step was to reduce the nunber of end items considered from

twelve to seven. The seven selected were those which compete for

maintenance resources in the armament and automotive areas. The

items excluded were those where special, dedicated maintenance

facilities are provided and there is relatively little competition

for resources. Table I-1 lists the representative items considered

in the supplementary analysis. Second, the portion of the scenario

examined was reduced from 120 days to 40 days. This was

appropriate since the BDMSC results indicated that operational

availability rates stabilize at about ten to fifteen days into the

scenario and thus are predictable into the latter part of the

scenario.

c. Tables 1-2 and 1-3 indicate the lowest level of repair

permitted for the baseline and the Alternative 3 cases

respectively. This level is presented by end item/failure type

combination, e.g., failure type 3 for the APC indicates fuel

system, but failure type 3 for the SP Howitzer indicates cooling

system. Initial computer runs indicated little or no difference in

operational availability rates between the baseline and Alternative

3. Mean out-of-service times for maintenance actions dropped

significantly (as expected) as a result of shifting authority for
A

performing certain maintenance actions farther forward. Because

I i: the observation of substantial decreases in out-of-servrice tine

1-7
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D ITEM TYPE

Truck, Utility 1/4 ton, M15lAl

Truck, Cargo, 2 1/2 ton, M35A2

Truck, Tractor, 5 ton, M818

Truck, Lift Fork, 6000 lb., RT
DSL, MLT-6CH

Carrier, FT, Personnel, M113AI

Howitzer, SP 155m, M109A1

Tank, Combat, FT, M6SAl

REPRESENTATIVE END ITE4S

TABLE I-1

I-8
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FAILURE TYPES*

ITM 1 2 3 4 5 6 7 8 9 10

1/4 Ton Truck 2 1 1 1 1 1 2 1 1 2

2 1/2 Ton Truck 2 2 2 1 1 1 1 1 1 2

5 Ton Truck 2 2 2 1 1 1 1 2 1 2

Forklift (6000 RT) 2 2 2 1 1 2 2 2 1 2

M113AI Carrier 2 2 2 1 1 1 1 2 2 2

155MM SP Howitzer 2 2 1 2 1 1 1 2 2 2

M60Al Tank 2 2 2 2 1 1 2 2 2 1

Table 1-2. Lowest Level of Repair (Alternative 1)

FAILURE TYPES*

ITEM 1 2 3 4 5 6 7 8 9 10

1/4 Ton Truck 2 1 1 1 1 1 2 1 1 1

2 1/2 Ton Truck 2 1 1 1 1 1 1 1 1 1

5 Ton Truck 2 1 1 1 1 1 1 1 1 1

Forklift (6000 RT) 2 1 1 1 1 1 1 1 1 1

M113Al Carrier 2 1 1 1 1 1 1 1 1 1

155MM SP Howitzer 1 1 1 1 1 1 1 1 1 2

M6OAl Tank 1 1 1 1 1 1 1 1 2 1

Table 1-3. Lowest Level of Repair (Alternative 3)

Repair Code 1 - Organizational. Repair Code 2 - Direct Sup~port.

*Failure types correspond to referenced BDMSC report.

A
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contradicted the observation of no significant change in

operational availability, a detailed examination of the MASC model

program was undertaken. From this examination it was determined

that out-of-service times were being correctly identified and

computed, but that the current operational availability level was

being tracked inaccurately in the main model. This inaccuracy

resulted from the model's failure to consider equipment returned

fran higher level maintenance to be available until the end of an

eight-day period in the simulation. The effect was a distorted

mean time between failure rate and inaccurate operational

availability observations, particularly where a large proportion of

maintenance actions were performed above organizational level.

Since Alternative 3 proposes the shifting of a substantial nunber

of actions to a lower maintenance level, it was necessary to

correct the operational availability observations to allow

conparison. Details of the correction factor used and its proof

are found in paragraph 1-5 below.

1-5. METHODOLOGY CORRECTIONS.

a. The MASC simulation system is written in three parts, a

preprocessor, a main model and a postprocessor. The preprocesssor

generates failures, i.e., the time an item fails using failure

rates based on all TOE assigned equipment in the force. The main

model determines the return-to-service time for each failure by

tracking it through the appropriate levels of repair, adding delay

such as transportation times, times for diagnosis, and waiting time

1-10
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for facilities, among others. The postprocessor collects

operational availability (OA) statistics by determining the daily

unavailability for each item, as well as other statistics such as

turnaround time, parts wait, wait for facilities, etc. Since

failures in the preprocessor are based on all MOE assigned

equipment, the total number of failures so generated includes

failures generated in equipment which is already inoperative. For

this reason, the main model considers only a portion of the

failures generated by the preprocessor; this portion matches the

current level of OA.

b. The main model processes failures for each organizational

unit, in turn, within a specific computation period (in this case

eight days). Processing of organizationally-repaired failures is

completed first, but the tracking of failures to be repaired at DS

or GS must be delayed until all supported units are considered.

Therefore, in contrast to those at organizational level, DS/GS

repaired items cannot u•date the main model availability counter

until the end of each computation period. This affects the

resuitant failure rate, an equivalent effect being that any O6/GS

repaired item that is to return to service in a specific

computation period will not be available to fail again until the

beginning of the next period. Since the return to service time is

considered correctly in the postprocessor, the computer output) values of OA are overstated.

Si1-ll
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c. A correction factor has been developed to be applied to the

computer output CA as follows. Consider a fleet of items in which

ith piece of equipment has ai organizationally repaired and bi

DS/GS repaired failures. The total in-service time for the ith

item (Ti) may be expressed by

ai bi bi
Tj = tij + • tij + • V

j-1 j=1 j=1

where V is a random variable representing the aforementioned delay

of an item's next failure opportunity.

d. If it is assumed that all organizationally repaired

failures are from a common failure distribution and all DS/GS

repaired failures are also from a common, but different, failure

distribution, then the expected in-service time for the ith item is

E(Tj) - aiFoi + biFdi + bjP/2

where the variable V is assumed to come from a uniform distribution

with limits of 0 and the length of the computation period P. Here

Foi is the mean time between failure for orqanizational repairs;

Fdi is the mean time between failures for DS/GS repairs. The

1-12
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expected total out-of-service time, E(Si) can be similarly

developed and is found to be

E(Si) - aiSoi + biSdi

where So1 and Sdi are the ,ean out of service times for

organizational and DS/GS repairs respectively. If it is further

assumed that the failure distributions and out-of-service

distribution are also common for all items, then the expected fleet

in-service time, E(T), is

E(T) Fo ai + Fd bi + P/2 [bi
i i i

and the expected total out-of-service time, E(S), is

E(S) -So 0  i + sd b
Si i

Recall that ai and bi were the number of organizational and DS/GS

failures for each item. Therefore, the sums are simply the total

number of such processed failures in the fleet.
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e. Finally, operational availability is computed in MASC by

dividing total in-service item-hours by total item hours.

An approximation to the expected CA is given by

0noFo ndFd 4 ndP/2
OAp noFo + ndFd + ndP/ 2 + noSo + ndSd

This is an approximation since, in general, the expected value of a

reciprocal is not precisely equal to the reciprocal of the expected

value, i.e.

f. The availability approximation, equation may be divided

through the total number of failures and rearranged to provide the

equation

foFo + fd(Fd + P/2)
OAp - fo(F° + SO) + fd(Fd + P/2 + Sd)

where fo and fd are now the fraction of organization and DS

repaired failures respectively. The correct OA would be the same
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equation with P equal to 0. Note that, while Fo, Fd, fo, and f-d

* can be predetermined on the basis of initial data, So and Sd can

not as they are mean out-of-service times and contain all

transportetion, djagnosis, wait for facilities, wait for parts, and

repair times. As such, they are available only from the

postprc¢cessor computec; output. It is tempting to calculate a

revised operational availability directly from the last equation

with P ,et equal to L. However, several assumptions were made that

require stability of the simulation for their validity Therefore,

the computer output L asults can best be corrected by a ratio of

CQo/CAp sinrze in several instances stability has not been reached.

g. Further simplification to provide a computational formula

c&n be made by noting that tUK terms foFo + fdFd and foSo + FdSd

are weighted averages yielding the mean time between failures and

wean out-of-service tire for all type failures. The resultant

foiruula is

F + fdP/2

Op •F + S + fdP/2

h. Tables 1-4 arsl I-5 contain the correction for the baseline

a&d Alternative 3 cases respectively. The following notation is

used in the tables:

1-15
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F = Mean clock time between failures

fd - Fraction of maintenance actions performed at support

maintenance levels

S - Mean observed out-o!2-service time for completed actions

C= Computed operational availability

OAp= Corrected computer operational availability

OAo= Cperational availability observed in simulation

(D+ll thru D+40)

OAc = Correct operational availabil ity

1
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ITEM4 F Sd s A Op A A

5 528 0.11 75.8 0.874 0.877 0.861 0. GA~

6 480 0.36 95.5 0.834 0.844 0.803 0.793

7 291 0.39 99.4 0.745 0.767 0.715 0.694

8 749 0.81 148.3 0.835 0.848 0.789 0.777

9 641 0.44 109.7 0.854 0.862 0.826 0.818

10 129 0.70 128.4 0.501 0.604 0.586 0.486

11 184 0.52 101.5 0.644 0.697 0.672 0.621

Operational Availability Correction
(Alternative 1)

Table 1-4

ITEM F Sd s A O A0 0Ac

5 528 0.08 75.8 0.874 0.876 0.860 0.858

6 480 0.06 90.0 0.842 0.844 0.806 0.804

7 291 0.06 90.6 0.763 0.766 0.713 0.710

8 749 0.02 125.8 0.856 0.857 0.795 0.794

9 641 0.03 101.8 0.863 0.864 0.826 0.825

10 129 0.20 103.8 0.554 0.588 0.563 0.530

11 184 0.06 85.0 0.684 0.691 0.668 0.661

Operational Availability Correction
(Alternative 3)

Table 1-5
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1-6. EFFECTIVENESS RESULT'I

a. Table 1-6 tabulates effectiveness results comparing the

baseline, or current allocation of maintenance tasks, with

Alternative 3. The operatior'il availability figure shown for each

iten is the mean availability for 0+11 through D+40 of the

scenario. This statistic avoids the erratic, transitory

observations recorded during the inital simulation period and it

closely approximates the stabilized availability level observed

during the longer simulation runs documented by BDMSC. Table 1-7

provides a comparison of mean out-of-service times under the two

alternatives.

b. The results indicate an increase in operational

availability and a decrease in mean out-of-service time as a result

of implementing Alternative 3. This was the expected result since

the travel and administrative times involved in moving items from

organizational to support levels are eliminated. Other model

results indicated no significant queue buildups as a result of

increased workload at the organizational level. It should be noted

that the greatest enhancement in maintenance system performance was

observed on the M109A1 155MM4 SP Howitzer and the M60Al tank. These

items are characterized by relatively low mean time between

failures and high combat essentiality.

c. Tables 1-6 and 1-7 present the relative effectiveness of

Alternative j using two measures of effectiveness (MOE):

operational availability and mean out-of-service time. IRlative

1-18
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effectiveness using the former is the ratio of Alternative 3's

effectiveness to the baseline effectiveness. For the latter

measure, it is the inverse of that ratio because a decrease in time

is artin cease in effectiveness.

d. Relative effectiveness is presented by end item for both

MOE. While an overall index would be ideal, validated weighting

factors for a mix of combat and support end items do not yet exist.

It is hoped that the Correlating Combat Effectiveness of Logistic

Support (CELOGS) methodology will provide measures to compare the

criticality of primary end items.

1-7. CONCLUSIONS.

Implementation of Alternative 3 will provide significant increases

in operational availability rates and attendant decreases in mean

out-of-service times. The most significant improvements in

maintenance system performance can be found in complex weapons

systems with relatively low mean time between failures.

1-8. COST ANALYSIS.

a. Introduction:

(1) The BDMSC-provided cost analysis was not utilized in this

assessment because it failed to account properly for the force unit

cost of the total force in which the operational effectiveness

changes were realized. Consequently, the cost assessment

documented below was substituted for the BDMSC product.

(2) The methodology for the determination of costs for the

acceptable alternatives was based upon the concept of
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Baseline Alternative 3 Percent Relative
Item Availability Availability Chane Effectiveness

1/4 Ton Truck 0.858 0.858 0% 1.00

2 1/2 Ton Truck 0.793 0.804 +1% 1.01

5 Ton Tractor 0.694 0.710 +2% 1.02

Forklift (6000 RT) 0.777 0.794 +2% 1.02

Ml13Al Carrier 0.818 0.825 +1% 1.01

155MM SP Howitzer 0.486 0.530 +9% 1.09

M60Al Tank 0.621 0.661 +6% 1.06

MOE: OPERATIONAL AVAILABILITY
(D+11 thru D+40 - Corrected)

Table 1-6

Percent Relacive
Item Baseline Alternative 3 Ch! Effectit-eness

1/4 Ton Truck 75.8 75.8% 0% 1.00

2 1/2 Ton Truck 95.5 90.0 -6% 1.06

5 Ton Tractor 99.4 90.6 -9% 1.10

Forklift (6000 RT) 148.3 125.8 -15% 1.18

M113A1 Carrier 109.7 101.8 -7% 1.08

155MM SP Howitzer 128.4 103.8 -19% 1.24

M60Al Tank 101.5 85.0 -16% 1.19

MOE: OUT-OF-SERVICE
(Hours)

Table 1-7
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No'

incremental cost analysis. That is, only the changes in relevant

costs between Alternative 1 and Alternative 3 were considered.

Relevant ODEA costs are defined as "the dollar costs required to

achie',e and maintain a capability in a military environment for a

time prior to the commitment of that force in a combat

situation. " 8' 7/

b. Determination of Costs.

(1) For purposes of clarification, it is restated that tie

current system is defined as Alternative 1 or the baseline case,

and the system resulting from the LORA corrections is defined as

Alternative 3.

(2) The following categories of costs were considered in

determining the changes in costs between Alternatives 1 and 3:

(a) Materiel. Alternative 3 proposes no change to equipment

author izat ions.

(b) Personnel and Training. Alternative 3 proposes no change

in personnel authorization policies or in tLaining programs.

(c) Operations. There are two recognizable but unquantified

operating cost changes associated with Alternative 3:

I.. Transportation. Alternative 3 reduces transportation costs

by v.Lrtue of the fact that more items requiring maintenance are

repaLred at the organizational level, and therefore they do not

have to be transported to support maintenance locations.

2. Repair parts. Alternative 3 provides higher equipment

operational availability rates, and thetefore greater numbers of

1-21
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failures occur. The cost of the additional repair parts required

to repair these additional failures has not been quantified. Some

increase is forseen in the cost of repair parts stockage associated

with the allocation of more tasks to the organizational maintenance

level. However, these costs also have not been quantified, and

they probably cannot be quantified accurately until the conclusion

of tests of the Restructured Division. In any event, the existence

of all these operating cost changes is recognized, but because of

the difficulty in quantification and their offsetting relationship,

their net incremental cost in this analysis was considered to be

zero.

Ad Support. There are no discernable incremental costs

associated witn Alternative 3.

(e) Implementation. There are some costs associated with

current and future implementation, e.g., changes to technical

manuals anti other publications. However, MAC chart and associated

revisions can be incorporated (at relatively slight cost) to

on-going revisions of manuals, which occur rather frequently. For

example, the organizational maintenance manual for the M60Al Tank

has been revised nine times in the 12 years since it was first

published, or' an average of a change every 16 months. The interval

between the last two changes was only 13 months. In any event,

there is no rational basis for apportioning relevant implementation

costs, and consequently they have been omitted from this analysis.
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* (f) Summary. Alternative 3 contains no recommendations to

obtain additional personnel, develop new materiel, or alter

training, and these are the significant cost items in any doctrinal

change. No changes in relevant costs can be attributed to the

implementation of Alternative 3 as compared to Alternative 1, the

base case. Therefore, the relative cost ratio is found to be 1.0.

1-9. (flST AND OPERATICNAL EFFECTIVENESS INTEGRATION.

a. Table 1-8 summarizes Alternative 3 as compared to

Alternative 1 in terms of relative cost and relative effectiveness.

b. The relative worth of Alternative 3 is provided based upon

the two measures of operational effectiveness considered.
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RECOMMENDD CHANGES TO PUBLICATIONS Use Prt 1 (rverxe) for Repr Prts nd ATE

BLANK FORMS Special Tool Lists (RPSTL) and Supply
Fet use Af Rhis form, see AN 310-1; the proponent agency is the US Catalogs/Supply Manuals (SC/SM).Army Adjutant G~enerl Cositte. 27 Apr 77

TO (Fo.•w rd to properen, at publication o trm,) (include ZIP Code) PROM. (Activity and I, .tio,) (include ZIP Cod*)

Deputy Chief of Staff for Logistics Comnmander
ATTN: Director of Maintenance US Army 0,.dnance & Chemical Center & School
Department of the Army ATTN: ATSL-CD-CSM
Washington, DC 20310 Aberdeen Proving Ground, MD 21005

PART I • AI.L PUBLICATIONS (EXCEPT RPSTL AND SCiSM) AND BLANK FORMS
PUBLICOTION FORM NUMOER DATE TITLE

Army Materiel Maintenance Concepts
AP 750-1 May 72 and Policies

I TEM PAGE PARA. LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO NO. GRAPH NO. NO. NO. (Exact wordiln of rocomoended change must he given)

1 2-14 2-19a CHANGE: Subparagraph a to read: "To assure
attalnment of establishud readiness goals and to
minimize operating and investment costs for
equipment maintenance support, the allocation of
maintenance tasks within the maintenance struc-
ture will:

(1) Be determined by level of repair analysis
in accordance with Chapter 14, TM 38-715-1.

(2) Specifically include consideration of
discard-at-failurýe for modules (components/
assemblies) and park ý as an alternative to repair.

REASON: Analysis of many existinp maintenance
allocation charts indicates that they have not
been prepared in conformance with the allocation
policy contained in Chapter 14 of TM 38-715-1,
which is to allocate tasks "to the lowest category
of maintenance capable of performing the task."
Rewording the subparagraph in the manner recom-
mended will make unmistakable the fact that
conformance with the allocation policy in TM
38-715-1 is a requirement. rhe citation of TM
38-715-1 is needed both for clarity and for
emphasis.

2 2-14 2-21a CHANGE: Su!bpara a(1) and a(3) to read:
& "(1- ) Performed in accordance with AR 700-18;

2-15 Chapter 9, AR 700-120; TM 38-703-3; and T11 38-
715-1."

"(3) Based on maintenance allocation charts
(MAC), prepared IAW TM 38-703 series, TM. 38-715-1,
and considerations of economy of logistic support
r~es ources."'

REASON: See the reason for item 1 above. The
&=t-'on of references to TM 38-715-1 in these

,Reofoence to line numbers within the Para•zaph or subpararaph.

TYPEG NAME, GRA0E OR TITLE " WEP EXCHANOE/AUTOVON. SiGNATURE

D A MORM 9119I .EPLACK, DA FORM s0ss, ,DC 6,, WHICH WILL at Us,0.
, 7J-2
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RECOMMENDED CHANGES TO PUBLICATIONS AND DATE
BLANK FORMS Special Tool Lists (RPSTL) and Supply

Pfr u*e at this h.m, see AR 310.1; be propenant agency Is the US Catalogs/Supply Manuals (SC/SM).
Amy Adjutant Genotel Cente. 27 Apr 77

TO& (Frward to Propo.nen t po*IficatiGo. o form) (Include ZIP Code) FROM# (Activity and Iocatman) (Include ZIP Code)

PART I. ALL PUBLICATIONS (EXCEPT RPsTL AND SC/SM) AND BLANK FORMS
PUBLICAT ION/FORM NUMBER DATE TITLE

Army Materiel Maintenance Concepts
AR 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO. NO. GRAPH NO. NO. NO. (Exact wwdtng ot recommended change moust be given)

subparagraphs also is needed bo.h for clarity and
for emphasis. Rewording the suDparagraphs in the
manner recommended will make unmistakable the
fact that conformance with the policies in TM 38-
715-.7. is a requirement.

3 A-4 ADD: "A-38. Maintenance categories. A designa-
Rion within a system of maintenance of materiel
which is based on the extent of capabilities,
facilities, and skills required for the operation.
Categories of maintenance are organizational
maintenance, direct support maintenance, general
support maintenance and depot maintenance."
NOTE: Succeeding definitions will all need to
be renumbered.

REASON: Maintenance categories are referred to
r-epeatedly in AR 750-1, but are not defined in
it. This situation encourages each reader to
assume that his own private definition is correct.
To preclude possible misinterpretations of such
an important basic term, it should be formally
defined in this AR. (Definition is from AR
310-25.)

4 A-5 A-44 CHANGE: The comma after "inventory" to a puriod,
and e word "echelons" (in the last sentence) to
"categories."

REASON: The comma is a typographical error. The
iefin--'"echelons" was replaced by "categories"
several years ago.

5 B-I all CHANGE: Body of Appendix to read:
, 1 B-2

(2)

*Reference to line numbe,. within the pa•a•raph or aubpradraeph.
. TYPED NAME. GRADE OR TITLE rKLEPHONK EXCHANOK/AUTOVON, SIGNATUREI PLUS IEXTINSION

D A 09 . ,, R 2 .0 ,2  8  F PLACKS DA PO, M A24. I 06C Ga. WHICH WILL D5. U. ,D.__
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RECOMMENDED CHANGES TO PUBLICATIONS AND DATE

Use Part 11 (reverse) for Repair Ports andBLANK FORMS Special Tool Lists (RPSTL) and Supply
For useeof *Il form, see AR 310-1; the .rponent agency Is the US Catalogs/Supply Manuals (SC/SM).
Army Adjutent General Canter. 27 Apr 77

TO: (Forward to proponent ot publication orfom) (Include ZIP Code) FROM' (Activity and ocatiaon) (Include ZIP Code)

PART I. ALL PUBLICATIONS (EXCEPT RPSTL AND SC, SM) AND BLANK FORMS

PUBLICATION FORM NUMmER DATE TITLE

Army Materiel Maintenance Concepts
AR 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO. NO. GRAPH NO. NO. NO. (Exact wardlng ot recommended change muet be given)

"B-1. Organizational Maintenance. Performs
those organizational maintenance functions
authorized by maintenance allocation charts,
using technical manuals, authorized test, measure-
ment, and diagnostic equipment, repair parts,
tools, and equipment. When so authorized:
performs preventive maintenance services including.
visual and tactile inspections, testir -, cleanin,,
tightening/adjusting and other minor adjustments;
makes external adjustments on equipment and per-
forms minor cable and cable connector repair;
analyzes the causes of equipment malfunction to
the defective module (item, component, assemblv,
subassembly, printed/wired circuit board or cau,)
using technic31 manuals, authorized easy to
interpret, built-in test equipment or other
authorized noncomplex diapnostic/fault isolation
equipment, and replaces unserviceable modules.
Evacuates to direct support maintenance those
unserviceable modules and component end items
requirin; :naintenance not authorized to be per-
formed at the organizational category.

B-2. Direct Support Maintenance. Performs those
direct support maintenance functions authorized
by maintenance allocation charts, using technical
manuals, authorized test, measurement, and
diagnostic equipment, repair parts, tools, and
equipment. When so authorized: troubleshoots,
inspects, tests, adjusts, calibrates, repairs,
replaces, and aligns unserviceable modules for
return to user or for the direct exchange program.
Pv'nvides quick reaction maintenance support to
organizational maintenance through maximun use of
authorized direct exchange and/or operational
readiness float items. Providen forward

(3)
Refsterenco to line numbers within the paragraph or subparagraph.

TYPED NAME, GRADE OR TITLE TE ,PNONE EXCNANGI/AUTOVON, IIONATUR,
LbPHU JEXT HMR/UOVN SIONTOR

DA O 202I8PRL.ACES DA FORM 201, I DEC 55. WHICH *1161. 6 U60,DA• I 'Folf"742V28
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REBLADD NK;1ST PUBICTINSAN U-to Part 11 (reiverneJ for Repair Parts and OAI.

Pa ua t 1,. ar BLO.ANK FORMS c .,~ Special Tou; Lists (RPSTI.) and Supply,
Fory Adusofthiam, se,* Alt10,th rpe anc Is ~tU Catalogs/Supply Manuals (SC/SM).27 pr7

AmAduatGnrlCenter. 27Ar7
TOi (Forward to proeae IN ofPublication of /Grim) O1rclur ZIP Code; PROit~ (Activity' and location) (include ZIP Code)

PART I - ALL PUBLICATIONS IECP PT N C14 N LN OM

PUSLICATION/PORM NUMBER DA 1` TITLE
Army Materiel Maintenance Concepts

AR 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON

NO. NO. GRAPH NO.* NO. NO. (Exact wording of r..-u,.mnded chJndo m~ia? 6. divettl

maintenance support and technical asnistance
through use of mo~bile maintenance oupport te~ims.
Has the capability to performn all maintenance
functions authorized to be performed at tho-
organizational category. Evacuates to appropviatt'
higher categories of maint'ouance those modul~es an-!

component end items requiring maintenance not
authorized to be performed at the direct sup~port
category.

B-3. General Support Maintenance. Performs;
general support maintenanc functions authorized
by traintenance allocation charts, using technical
manuals, authorized test, measurepipent, and Uap~
nostic equipment, repaii.' parts, tools, and #equi~p-.
meiit. When so authcrized: trou~blenhoots ,
inspects, tests, adjusts, calibzrates, ropairs,

- rep'-aces, and aligns mod-ules in support of direct
axchange service to don!ignated forward categories,
of na-i'tenance, operational readiness f'loat
activities, and,/or for -~e-nrn of Items to thet
supply system. Operatezi collecting points IM
appropri~ate areas. Prov ider, area mointeniance
.3upport and technical asslbitance through use (,F
mobile maintenance suapport teams on a periodic
or as.-required basis. Has the capability to
perform all m-iint'enance fun(-tio:ns authorized to
be performe~d at the organizational and direct
support categories of maintenance. F'7acuates to
depot maintenance those component end items arid
eno iterit requiring maintenance not authorized
to be parformed at the general support category."

REASON: The ±!orner wording of this appenidix
bai17 mentionedi one of the most basic of all
maintenance policies pertaining to any commodity

TYPD NML GREOR*IT efernc to line numbers within tht paragraph ut subparagraph.

FOR 011PLACKS DA FORtM 2025, 1 Ott: as, WHICH WILL 99 1Jlf0.
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RECOMMENDED CHANGES TO PUBLICATIONS AND DATE
BLANK FIORMS Use Part 11 (reverse) fro Repair Parts and

Specit-! Tool Lists (RPSTL) and SupplyFor useef this form, see AR 310-1, the proponenet efency Is the US Catalogs/Supply Manuals (SC/SM).A rm y # 7 1 u, e, , G e n e r al C e nt e r. 2 7 A p r .7 7
TOt (Forward to Proponent of punblication or loren) (lr. lud# ZIP Code¢) FROM, (Activity and location) (include ZIP Code)

PART I - ALL PUBLICATIONS (EXCEPT RPSTL A141 SC/SM) AND BLANK FORMS
PUBLICATION/FORM NUMBER DATE TITLE

Army Materiel Maintenance Concepts
AR 750-1 May 72 and Policies

ITEM PAGE PARA. LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO. NO. GRAPH NO. NO. NO. (Exact wording of recommended charje muet he given)

of materiel: iz:aintenance personnel at each
maintenance categ,-;-y perform thc-'e maintenance
functions authorized by malntenancý allocation
charts (MAC). MAC, and not statements in an
appendix such as -'`.s, determine what maintenance
tasks are authorized aiie required to be performed
at a given category of maintenance. Elsewhere in
AR 750-1, it !.,; frequently and correctlV recog-
nized that a maintenance support concept sometimes
needs to be sp-cifically tailored for a given
piece of equipment. The concept descriptions in
this appendix, therefore, should be limited to
statements which avoid reference to specific
examp2es. Adequate specific examples are already
provided in Table 1-2.

6 D-1 CHANGE: Last line of parenthetical note in
eadirng of Appendix D to read: "...guidance

contained in Appendix G. )"

REASON: The combining of former appendixes E and
G (see item #7 below) causes former Appendix H to
be redesignated Appendix G.

7 E-1 CHANGE: Combine former Appendix G with Appendix
E-2 E-an--reword Appendix E as follows:
G-1
G-2 "APPENDIX E - MAINTENANCE CONCEPT FOR AUTOMOTIVE,

CONSTRUCTION/MATERIEL HANDLING, AND MOBILE ELECTRI
POWER GENERATING EQUIPMENT (Includes all types of
tactical wheeled vehicles, trailers, and wheeled
vehicle prime movers.)
E-1. Organizational Maintenance. Performs those
organizational maintenance functions authorized by
maintenance allocation charts, using technical
manuals, authorized test, measurement and diag-

(5)
"*Reoene to fire numbee. within the paradraph or aubpara•raph.

TYPID NAMIt, ORAO OR TITLE T9L.PHONK EXCNANGI/AUTOVON, SIONATUR"
PLUS .XTENSION

DA I P 742028 RE1PLACES DA FONR o0. 1 09C 414. WHICH WILL 09 USED.
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Army Adjutent 0Gererel Center. 27 Apr 77

TOt (I'award to propoent od publication r twarm) (anclude ZIP Cod*) PR1OM0 (Aco ,ity and location) (include ZIP Code)

PART I. ALL PUSLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMS
PUNLICAT ION/FORM NUMBER DATE TITLE

Army Materiel Maintenance Concepts
AR 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO. NO, GRAPH NO,. NO. NO. (Exact wordlng o( recom.nended 'hange muet be liven)

nostic equipment, repair parts, tools, and equi--
ment. When so authorized: pe-forms preventive
maintenance services including visual and tactile
inspections, lubrication, cleaning, tightening,
adjusting, testing, and preserving; troubleshot-ts,
analyzes, fault isolates, and perfors diagnostic
analysis of mechanical, electrical, hydraulic and
pneumatic system malfunctions, using technical
manuals, installed instrumentation, authorized
easy-to-interpret, built-in test equipment, or
other authorized noncomplex diagnostic/fault
isolation equipment, and replaces unserviceable
modules. Evacuates to direct support maintenance
those end items requiring maintenance not
authorized to be performed at the organizational
category.

E-2. Direct Support Maintenance. Performs those
direct support maintenance functions authorized
by maintenance allocation charts, using technical
manuals, authorized test, measurement -nd diag-
nostic equipment, repair parts, tools, and equip-
ment. When so authorized: troubleshoots,
inspects, tests, adjusts, calibrates, repairs,
replaces, and aligns unserviceable modules for
return to user or for the direct exchange program;
accomplishes pe~rformance evaluation of pollution
emissions and adjusts, replaces, or repairs as
necessary to sustain performance within emission
standards; operates a direct exchange program in

y4 support of organizational maintenance activities
supported. Provides quick reaction maintenance
support to organizational maintenance through
maximum use of authorized direct exchange and/or
forward maintenance support and technical assis-
tance through use of mobile maintenance rupport

•: (6)

TRaDTrencL to line numbers within the peragraph or subparlaraphi.TYPED NAME, GRADE OR TITLE TELEPHONE EXCHANGE/AUTOVON, SIGNATURE

•' ~PLUS EXTENSION
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BLANK FORMS Special Tool Lists (RPSTL) and Supply
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Army Adlutent General Center. 27 Apr 77

TOt (Forward to proponent of publication or from) (Include ZIP Code*) FROMi (Activity and location) (Include ZIP Code)

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMtS

PUBLICATION,'FORM NUMBER DATE TITLE

Army Materiel Maintenance Concepts

AR 750-1 May 72 and Policies

ITEM PAGE PARA. LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON

NO. NO. GRAPH NO. NO. NO. (Exact warding of rocommended change must bo &Iven)

teams. Has the capability to perform all
maintenance functions authorized to be performed
at the organizational category. Evacuates to

appropriate higher categories of maintenance those

end items requiring maintenance not authorized to

be performed at the direct support category.

E-3. General Support Maintenance. Performs
general support maintenance functions authorized
by maintenance allocation charts using technical
manuals, authorized test, measurement and diag-

nostic equipment, repair parts, tools, and equip-

ment. When so authorized: troubleshoots,
inspects, tests, adjusts, calibrates, repairs,
replaces, and aligns modules in support of direct T
exchange service to designated forward categories
of maintenance, operational readiness float
activities, and/or for return of items to the

supply system. Provides area maintenance support
and technical assistance through use of mobile
maintenance support teams on a periodic or as-

required basis. Collects and classifies evacuated
or abandoned Class VII materiel less aircraft,
COMSEC, missiles, rail, and marine. Operates a
cannibalization activity to augment the direct
exchange program and the supply system, and
operates a termninal in the closed loop support
system. Has the capability to perform all
maintenance functions authorized to be performed
at the organizational and direct support cate-
gories of maintenance. Evacuates to depot
maintenance those end items requiring maintenance
not authorized to be performed at the general
support category."

(7)
"OReference to line numbers within the paragraph or aubpa-'agraph.

TYPED NAME. GRADE OR TITLE TELEPHONE EXCHANGE/AUTOVON, SIGNATUME
PLUS EXTENSION

FA PoEM 'lREPLA CIA FORM 1020, 1 DEC 6, WHICH WILL as U810
- !•iDA I Fall 7.2028V 

,
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RECOMMENDED CHANGES TO )PUBLICATiONS AND A -"'
BLDANDDCANGE TORMBICTONSN Use Part 11 (reverse) (or Repair Parts and DT

BLANK FORMS Spec'ial Tool Lists (RPSTL) and Supply
Faer use *4 $his 4em so* AN 310-1; the proponent agency isl te US catelogs/Supply Manuals (SC/SM).Army Adjutant Genersl Center. 27/ Apr 77

TOs (F•rwird to pfopouens of publication o frm) (Inc ludo ZIP Code) FROMi (Activt:y end location) (Inc hlde ZIP Code)

PART I - ALL PU13LICATIONS (EXCE-P IT RPSTL AND SC/SM) AND BLANK FORMS
PUGLICATION/FORM NUMBER DATE TITLE

Army Materiel Maintenance Concepts
AR 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AK40 REASON
NO. NO. GRAPH NO.* NO. NO, (Epcit warding of recoum ended chanle must he given.)

REASON: Former Appendixes E and G have been
co--- ed because their maintenance concepts are so
similar, and both formerly separate commodity
groupings of equipment share the characteristic
of having installed instrumentation which can
often be used during troubleshooting. The former
wordings of Appendixes E and G barely mentioned
one of the most basic of all maintenance policies
pertaining to any commodity of materiel: mainte-
nance personnel at each maintenance category
perform those maintenance functions authorized l,y
maintenance allocation charts (MAC). MAC, and
not statements in appendixes such as these, deter-
mine what maintenance tasks are authopized and
required to be perFormed at a given category of
maintenance. Elsewhere in AR 750-1, it is fre-
quently and correctly recognized that a mainte-
nance support concept sometimes needs to be
specifically tailored for a given piece of
equipment. The concept descriptions in this
appendix, therefore, should be limited to state-
ments which avoid reference to specific examples.
Adequate specific examples are already provided
in Table 1-2.

NOTE: Appendixes H through L will need to be
redesignated as Appendixes G through K, respec-
tively.

8 F-1 CHANGE: Body of Appendix F to read:
to "TTo. Organizational Maintenance. Taking advan-

F-3 tage of the capabilities of assigned ci~ew person-
nel, performs those organizational maintenance
functions authorized by maintenance allocation
chartts, using technical manuals, authorized test,
measurement and diagnostic equipment, repair

(8)
$Reference to line numbers within the parajraph or subperagraph.

TYPED NAME, GRADE OR TITLE TELEPHONE EXCHANGE/AUTOVON, SIGNATUREi PLUS EXTENSION

DA F OR M  R KRPLACES CA FORM 2o02, c 09C S, WHICH WILL ME USED.

DAI Flee 74202

J- 9



RECOMMENDED CHNGES TO P'U'ILICATIONS AND DAT•E
RCANGS TOR P CUse Part 11 (reverse) for Repair Parts and

Special Tool Lists (RPSTL) and Supply
for use of tlhs feon, see AR 310-1; the proponent s*tony Is the US Catalogs/Supply Manuals (SC/SM).
Army Adjutant General Center. 27 Apr 77

TOi (Forward so proponont of publ•ation or (win) (Include ZIP Code) FROMW (Activity and Iocation) (Include ZIP Code)

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMS

PUBLICAT ION 'FORM NUMBER DATE TITLE

Army Materiel Maintenance Concepts
AR 750-1 May 72 and Policies

ITEM PAGE PARA. LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO. NO. GRAPH NO.. NO. NO. (Exact wardln of recoermended change must be given)

parts, tools, and equipment. When so authorized:
performs preventive maintenance services including
visual and tactile inspections, lubrication,
cleaning, tightening, adjusting, testing, and
preserving; troubleshoots, analyzes, fault iso-
lates, and performs diagnostic analysis of
mechanical, electrical, and hydraulic system
malfunctions, using technical manuals, authorized
easy-to-interpret, built-in test equipment or
other authorized noncomplex diagnostic/fault
isolation equipment, and replaces unserviceable
modules. If maintenance which is not authorized
at the organizational category is required,
notifies the direct support maintenance unit,
which will determine whether the end item must be
physically evacuated to the DS facility for the
r quired maintenance.

F-2. Direct Support Maintenance. Performs those
direct support maintenance functions authorized
by maintenance allocation charts, using technical
manuals, authorized test, measurement and diag-
nostic equipment, repair parts, tools, and equip-
ment. When so authorized: troubleshoots,
inspects, tests, adjusts, calibrates, repairs,
replaces, and aligns unserviceable modules for
return to user or for the direct exchange program;
accomplishes performance evaluation of pollution
emissions and adjusts, replaces, or repairs as
necessary to sustain performance within emission
standards*; operates a direct exchange program in
support of organizational maintenance activities
supported. Provides quick reaction maintenance
support to organizational maintenance through
maximum use of authorized direct exchange and/or
operational readiness float items. Provides(9)

*Reference to line numbers within the paradraph or aubparagreph.
TYPED NAME, GRADE OR TITLE TEL,6P10HNK CXCHANOC/AUTOVON. SIGNATURE

ILKU ex l[ NSION

DA I fOR" _202•' : ,,.iJ-10



RECOMMENDED CHANGES TO PUBLICATIONS AND DATE
BLANK FORMS Special Tool Lists (RPSTL) and Supply

For use ef this farm, as* AR 310.1; tfe praponent eoncy Is the US Catalogs/Supply Manuals (SC/SM).
Amy Ajiutant Genaerl Center. 27 Apr 77

TO# (FowI ard to propoent o4 publication or irnm) (inc lude ZIP Code) FROUt (Activity and location) (include ZIP Code)

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC.SM) AND BLANK FORMS

PUBLiCATION/FORM NUMBER DATE Arm Materiel Maintenance ronceptsAR 750-1 May 72 - aldPolicies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO. NO. GRAPH NO " NO. NO. (Exact w. dindg of recommencded chande must he give")

forward maintenance support and technical assis-
tance through use of mobile maintenance support
teams. Has the capability to perform all mainte-
nance functions authorized to be perforned at the
organizational category. Evacuates to appropriate
higher categories of maintenance those end items
requiring maintenance not authorized to be per-
formed at the direct support category.

F-3. General Support Maintenance. Performs
general support maintenance functions authorized
by maintenance allocation charts, using technical
manuals, authorized test, measurement and diag-
nostic equipment, repair parts, tools, and equip-
ment. When so authorized: troubleshoots,

L inspects, tests, adjusts, calibrates, repairs,
"replaces, and aligns modules in support of direct
exchange service to designated forward categories
of maintenance, operational readiness float
activities, and/or for return of items to the
supply system. Provides area maintenance support
and technical assistance through use of mobile
maintenance support teams on a periodic or as-
required basis. Collects and classifies evacuated
or abandoned Class VII materiel less aircraft,
COMSEC, missiles, rail, and marine. Operates a
cannihalization activity to augment the direct
exchange program and the supply system, and

'i operates a terminal in the closed loop support
system. Has the capability to perform all
maintenance functions authorized to be performed
at the organizational and direct support categorie
of maintenance. Evacuates to depot maintenance
those end items requiring maintenance not
authorized to be performed at the general support
category."

- *Reference.ofn numbrs within teprgaho uprgah

TYPED NAME, GRADE OR TITLE TELEPHONE EXCHANGE/AUTOVON, SIGNATUREPLUS EXTENSION"I.~~~~: ________________

DA RM1 2028 REPLACKS DA FORM a02, I DreC 00, WHICH WILL 6E USED.
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RECOMMENDED CHANGES TO PUBLICATIONS AND UfTE

BLANK FORMS Special Tool Lists (RP'9TL) and Supply
Fer use of tihi form, see AR 310-1; the prepenent etney Is the US Catalogs/Supply Manuals (SC/SM).
Army Adjutent General Conter. 27 Apr 77

TOt (Fowerd to p'oponont of publication o tor•h) (Includo ZIP Code) FROlM (Activity and iocation) (Include ZIP Code)

PART I- ALL PUBLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMS
PUBLICATION FORM NUMBER DATE TITLE

Army Materiel Maintenance Concepts
AP 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO. NO. GRAPH NO.' NO. NO. (Exact wording of re~cc.mmnded chande muat he given)

REASON: The former wording of this appendix
failed to even mention one of the most basic of
all maintenance policies pertaining to any
com•nodity of materiel: maintenance personnel at
each maintenance category perform those mainte-
nance functions authorized by maintenance alloca-
tion charts (MAC). MAC, and not statements in an
appendix such as this, determine what maintenance
tasks are authorized and required to be performed
at a given category of maintenance. Elsewhere in
AR 750-1, it is frequently and correctly recog-
nized that a maintenance support concept sometimes
needs to be specifically tailored for a given
piece of equipment. The concept descriptions in
this appendix, therefore, should be limited to
statements which avoid references to specific
examples. Adequate specific examples are already
provided in Table 1-2.

9 H-1 CHANGE: Body of Appendix G (formerly Appendix H)
to read:

"APPENDIX G - MAINTENANCE CONCEPT FOR SMALL ARMS
(Includes all types of individual and crew-served
weapons through .60 caliber as well as all types
of grenade launchers.) (Not includes are mortars
and missiles. Fire control, scopes, sights, etc.,
will follow concept in Appendix B.)

G-1. Organizational Maintenance. Performs those
organizational maintenance functions authorized by
maintenance allocation charts using technical
manuals, authorized test, measurement, and diag-
nostic equipment, repair parts, tools, and equip-
ment. When so authorized: performs preventive
maintenance services including visual and tactile

(11)

*RaeirunCo to line rumhers within the Paragraph ot ubpa. teph.
TYP__ NAME, GRADE OR TITLE T2L.PHON4jXCNANGE/AUT0VON. SIONATURE

0AR n .,AgP..R DA FORM.O. 200 1CI, WHCWL. stg.°
,• J-12



F RECOMMENDED CHANGES TO PUBLICATIONS AND UATE
IBLANK FORMS Special Tool Lists (RPSTL) and Supply

F.er use of •his form, see AN 210o.; th. proponent eaency is the US Catalogs/Supply Manuals (SC/SM).Amy dit*GeslC t,.27 Apr 77
AnsY Adlutepti Goenerl Center.

TOI (W rwerd to propo nt at publicationa c, tral) (Incluode ZIP Code) FROMi (Activity end Iocatlio) (include ZIP Code)

PART I ALL PUBLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMS

PUBLICAT ION/FM•OM NUMER OATIE TITLEArmy Materiel Maintenance Concepts
AR 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO, NO. GRAPH NO * NO. NO. (Exact warding as recommended chaenge must he given)

inspections, lubrication, cleaning, tightening,
adjusting, testing, and preserving; troubleshoots,
analyzes, performs diagnoses, isolates faults to
the defective module or assenbly, using technical
manuals and authorized test, measurement, and
diagnostic equipment and replaces defective
r1..dules and assemblies. Evacuates to direct
support maintenance those end items requiring
maintenance not authorized to be performed at the
organizational category.

G-2. Direct Support Maintenance. Performs those
direct support maintenance functions authorized by
maintenance allocation charts using technical
manuals, authorized test, measurement, and diag-
nostic equipment, repair parts, tools, and equip-

* ment. When so authorized: troubleshoots,
- inspects, tests, adjusts, calibrates, repairs,

replaces, and aligns unserviceable end items or
modules for return to user or for the direct
exchange program, respectively. Provides quick
reaction maintenance support to organizational
maintenance through maximum use of authorized
operational readiness float items. Provides
forward maintenance support and technical assis-
tance through use of mobile maintenance support
teams. Has the capability to perform all mainte-
nance functions authorized to be performed at the
organizational category. Evacuates to depot
maintenance those end items requiring maintenance
(including restoration of nonreflective phospha-
tized or black oxide finishes) not authorized to
be performed at the direct support category."

REASON: The former wording of this appendix
failed to even mention one of the most basic of

(12)

'Refesrence, to lin. nwriber. within the peredreph or subparailra ph.
"TYPU NAME, GRADE OR TITLE TELEPHONE EXCHANGE/AUTOVON. SIGNATURE

OPLUS EXTE2I0ON

FORM4 2 RUPLACKS DA FORM 2026, 1DEC 05. WHICH WILL 6E USIED.

J-13

__,__ .. .... .-.



RECOMMENDED CHIANGES TO PUBLICATIONS AND U ' 1 DATEltAKFORMdS Use Part U! (reveree) for Repair Parts and
BLANK SSpecial Tool Lists (RPSTL) and Supply

For use at Olt, form,, see AR 310.1; fhe pn'penignt agency Is the U: Catologs/Supply Manuals (SC/SM).
Army Adiutart Geaa,ol Ceatet. 27 Apr 77

Tog (Forward to poapanent of pthflicstinfl torin) (Inc luota ZIP Code) PROWm (Activity end location) (include ZIP Code)

PART I • ALL PUBLICATIONS (EXCEPT RPSTL AND SCiSM) AND BLANK FORMS

PUBLICATION FORM NUMBER DATE TITLEArmy Materilel Maintenance Concepts

AR 750-1 May 72 and Policies

ITEM PAGE PARA- L:NE FIGURE TAOLE RECOMMENDED CHANGES AND REASON
NO NO. GRAPH NO.* NO. NO. (Exact wardlin ol rec•namendad chandg must be iliven)

all maintenance policies pertaining to any commo-
dity of materiel: maintenance personnel at each
maintenance category perform those maintenance
functions authorized by maintenance allocation
charts (MAC). MAC, and not statements in an
appendix such as this, determine what maintenance
tasks are authorized and required to be performed
at a given category of maintenance.

10 1-1 CHANGE: Body of Appendix H (formerly Appendix I)
1-2 to read:

"APPENDIX H - MAINTENANCE CONCEPT FOR ENVIRON-
MENTAL/TEMPERATURE CONTROL EQUIPMENT (Includes
air-conditioning, dehumidification, heating and
refrigeration equipment)

H-1. Organizational Maintenance. Performs those
organizational maintenance functions authorized by
maintenance allocation charts using tehbnical
manuals, authorized test, measurement and diag-
nostic equipment, repair parts, tools, and equip-
ment. When so authorized: performs pr<,ventive
maintenance services including visual and tactile
inspections, lubrication, cleaning, tightening,
adjusting, testing, and preserving-; troubleshoots,
analyzes, fault isolates, and performs diagnositic
analysis of mechanical, electrical, forced air
circulation, combustion, and refrigerant system
malfunctions, using technical manuals, installed
instrumentation and other visual indicators,
authorized easy-to-interpret built-in test equip-
ment, or other authorized noncomplex diagnostic/
fault isolation equipment, and replaces unservice-
able modules. Evacuates to direct support mainte-
nance those modules and end items requiring(13)

' Referegrge to line nuiarse within the pararaph aubpard rep.

TYPEO NAIM, GRA0E OR TITLE 3L , C ,SIGNXCANGI/AuTOV@N, IIMATURE
Pa, U XlNION

FORM ~~~RKP-.ACES CA FORM 111As.I I DEC 64. WHICH WILL 11111 1,1119.DA 2028
-- " -- ,_ _ -- - - -J-14



RECOMMENDED CHANGES TO PUBLICATIONS AND Us at1 rvre o earPrsad DATE

BLANK FORMS Special Tool Lists (RPSTL) and Supply
Fe ra ess f $his form, see AR 310-1; #A* propoennt agency is thre US Cotelogs/Supply Manuals (SC/SM).27 A r7
Amy Adjutant General Cento. 2 .r7

TOt (Forward (a Peoparient of pubicati on or form) (Inc Jude ZIP Codit) IROJAI (Activ'ity and ýocstliwi) (include ZIP Codii)

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMS
PUISLICAT ION/FORM NUMBER DT IL

AR 750-1Ma72adPlce

ITEM PAGE PARA- LINE FIGURtE TABLE RECOMMENDED CHANGES AND REASON
No. No. GRAPH NO. * No. NO. (Exact vwading of ,eccwmrnrndvd chande mustl he tiven)

maintenance not authorized to be performed at thc-'
organizational category.

H-2. Direct Support Maintenance. 'Ierfnrm.. thosc!
direct support maintenance functions iiu~thurized by
maintenance allocation charts, using technical
manuals, authorized test, measurement and diag-
nostic equipment, repair parts, tools, and equip-
ment. When so authorized: troubleshoots,
inspects, tests, adjusts, calibrates, repair~si
replaces, recharges, and .iligns unserviceable
modules for return to user or for the direct
exchange program; operates a direct exchange
program in support of organizational maintenance
activities supported. Provides quick reaction
maintenance support to organizational maintenance
through maximum use of authorized direct exchange

- and/or operational readiness float items. Pro-
vides forward maintenance support and technical
assistance through use of mobile maintenance
support teams. Has the capability to perform all
maintenance functions authorized to be performed
at the organizational category. Evacuates to
appropriate higher categories of maintenance those
end items requiring maintenance not authorized to
be performed at the direct support category.

H--3. General Support Maintenance. Performs
general support maintenance functions authorized
by maintenance allocation charts, using technical
manuals, authorized test, measurement and diag-
nostic equipment, repair parts, tools, and equip-
ment. When so authorized: troubleshoots,
inspects, tests, adjusts, calibrates, repairs,
replaces, racharges, and aligns unserviceable
modules in support of direct exchange service to

~Al - - _____ - ~(14)
*Reference to fine nmeswithin the petagrapf, or uiabperadrapA.

TYPED NAME, GRADIE OVA TITLE TELEPHONE EXCHNAGIE/AUTOVON, SIGNATURE

DAPI ~ 08RPLACES DA V0ORM6 20211. 1 DEC 46. WHICH WILL BE USED.

DA I Pon -22 J -15 -.---- -~%



RECOMMENDED CHANGES TO PUBLICATIONS AND DATE
BLANK PORMS Use Part 11 (rev.,..) for Repair Parti andBLANK Pi@.. tSpecial Tool List& (RPSTL) and Supply

Pot we* of this form, bee AN 310-A, iho proponet ell¢y Is tha US C-talogs/Supply Ma.,Usls (SC/SM).Army Adlutent Goenerl Ceneor. 27 A-Pr 77

TOt (Fwwatd to peof s a t pum c abllcetlon o farm) (Inc lud -ZIP Cod#) FROMi (Activity and location) (Include ZIP Code)

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMS

PUBLICATION FORM NUMBER DATE TITLE

Arny Materiel Maintenance Concepts

AR 750-1 May 72 and Policies

ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGF5 AND REASON
NO. NO, GRAPH NO.* NO. NO. (Exact wading of recommnrended chande murt he given)

designated forward categories of maintenance,
operational readiness float activities, and/or
for return of items to the supply system.
Operates collecting points in appropriate areas.
Provides area maintenance support and technical
assistance through use of mobile maintenance
support teams on a periodic or as-required basis.
Has the capability to perform all maintenance
functions authorized to be performed at the
organizational and direct support categories of
maintenance. Evacuates to depot maintenance
those end items requiring maintenance not
authorized to be performed at the general support
category."

REASON: The former wording of this appendix
failed to even mention one of the most basic of
all maintenance policies pertaining to any commo-
dity of materiel: maintenance personnel at each
maintenance category perform those maintenance
ft.nctions authorized by maintenance allocation
c'-arts (MAC). MAC, and not statements in an
appendix such as this, determine what maintenance
tasks are authorized and required to be performed
at a given category of maintenance.

11 J-2 J-2d CHANGE: The fourth sentence in this para to read:
T%!-E1Fmaintenance task, however, IAW the allocatio
policy prescribed in Chapter 14, TM 38-715-1, will
be allocated to the lowest category of maintenance
capable of performing the task, considering
authorized skills, tools, and equipment including
TMDE."

REASON: Same as for Item #1.

(15)
*Reiferowcs to line numnb.,a within the paragraph o, Subparagraph.

TYPED NAME, GRADE OR TITLE T9LEPNE .. C.. NA. AUTOVON, SIGNATURE
PLUS EXTENSION

I sr,. hA P01W 1REPLACEIS OA FOM joi0, 1 9 a. WHICH WILL 0| USED.
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RECOMMENDED CHANGES TO PUBLICATIONS AND o(ATEBLANK FORMS use Part U| (reverl~) for Repair Parts arnd
Special Tool laists (RPSTL) ,and Supply

For use of this form, *a. AR 310-1; tie popoenont ealency In thi US Catalogs/Supply Manuals (SC/SM).A&my Adjuaent Geoorel Ceastr. 27 Apr 77

TO& (forward to prI a ron of I"lcatian r tanru) (Include ZIP Cod.) FROMW (ActivIlI and location) (Include ZIP Code)

Deputy Chief of Staff for Logistics Commander
ATTN: Director of Maintenance US Army Ordnance £ Chemical Center & School
Department of the Army ATTN: ATSL-CD-CSM
Washington. DC 20310 Aberdeen Proving Ground, MD 21005

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC*'SM) AND BLANK FORMS

PUSLICATION, FORM NUMDER DATE TITLE

AR 700-18 Sep 73 Provisioning of US Army Equipment
ITM PAGE .PARA, LINE FIGURE TABLE -- COMMND'ED CHANGES AND REASON

NO NO. GRAPH NO * NO. NO. (F.act wording ol rocomengnded chang.e must he giverr)

1 2-5 2-10 CHANGE: Paragraph to read:

"C2- 1 0 . Postprovisioning review.

a. Reviews of the suitability and
effectiveness of provisioning determinations,
especially the allocdtion of maintenance tasks in
the maintenance allocation chart (MAC) and the
selection and coding of repair parts, will be
conducted on those programs which have resulted
in deployment of maintenance-significant items.
Reviews will be conducted at 18 months and again
at 36 months after initial derlovnent. Care must
be taken to insure that reviews are properly
planned. Prior to the convening of a review, the
TRADOC school responsible for training support
maintenance personnel for the deployed itim will
conduct a level of repair analysis of the MAC and
a review of the range and essentiality and SHR
codings of repair parts. Personnel field-experi-
enced in maintenance of the deployed item will be
utilized to the maximum extent practicable during
such analyses.

b. Revisions to the MAC and any other
provisioning decisions determined by postpro-
visioning review to be necessary will be made as
expeditiously as practicable."

REASON: The Level of Repair Analyses conducted
during this study confirmed a need for after-
deployment review of most MAC charts. Military
personnel field-experienced in the maintenance of
a deployed item are best qualified to evaluate
the suitability of initial maintenance task
allocations and associated ranges and codings oQ

- - repair parts. Postprovisioning reviews need to
*Reference to lin, numbers within the paragraph or subparagraph.

TYPEr) NAME, GRADE OR TITLE TELEPHONE EXCHANGO/AUTOVON, SIGNATURE
, ~PLUS EXTEIL SION

FREPLACKS DA FORM 'o02,. 1 0C 0. , WHICH WILL .I Us.-
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Army A-' fent Generel Cepter. 27 Apr 77

TO. (Fwward Io ptotreent at publication O Idtar) (Include ZIP Code) FROM' (Activity and location) (include ZIP Code)

PART I- ALL PUBLICATIONS (EXCEPT RPSTL AND SC/SM) AND BLANK FORMS

PUBLICATION FORM NUMBER DATE TITLE

AR 700-18 Sep 73 Provisioning of US Army Equipment
ITEM PA .E PARA- ILINE FIGURE TABLE RECOMMENDED CHANGES AND REASON

NO. NO. GRAPH NO. NO. NO. (Exact warding oa recommoiideo change must be given)

be mandatory in order to insure that they take
place; such reviews have been optional for
several years, but have seldom been convened.
The corrections made by such reviews will be
better founded in field experience if the first
review is not held until 18 months after deploy-
ment of the end item Some lessons learned from
field experience, however, will not become
appament until after the first rev'`w. To make
necessary corrections based on these lessons.
learned, a second review is needed 36 months
after initial deployment.

(?)

$ Reference to line numbers within the parlaraph or subparegraph,

TYPED NAME, GRADE OR TITLE TELEPHONE EXCNAN@E/AUTOVON, SIGNATURE
PLUS EXTENSION I

PONRPLACCS CA FORM 3028. I DEC ,6, WHICH WILL 9, U8E0.DA I 2 8 J-18
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Fer use of his feor, see AM 3!0-1; *a proponent agency is the US Catalogs/Supply Manuals (SC/SM).
Amy Adlutent General Center. 27 Apr 77

TOs (Forward to p'oponent of publliction or fort ) (IncludE ZIP Code) FROMi (Acltvily and Iocation) (Include ZIP Code)

Deputy Chief of Staff for Logistics Commander
ATTN: Director of Maintenance US Army Ordnance & Chemical Center & School
Department of the Army ATTN: ATSL-CD-CSM
Washinzton, DC 20310 Aberdeen Proving Ground, MD 21005

PART I - ALL PUBLICATIONS (EXCEPT RPSTL. AND SC/SM) AND BLANK FORMS

PUBLICATION/FORM NUMBER DATE TITLE Preparation, Coordination,
and Approval of Department of thr,

AR 310-3 Dec 68 Army Publications
ITEM PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON

NO. NO. GRAPH NO.' NO. NO. (Exact wardlng of recoirmmended ('hande mtait he given)

1 9-5 9-17i(3) CHANGE: Subparagraph to read as follows:

"You can improve this manual by recommending
improvements using DA Form 2028 (Recommended
Changes to Publications and Blank Forms) or DA
Form 2028-2 (Test) located in the back of the
manual. Recommended changes pertaining to the
Maintenance Allocation Chart (MAC) should be
mailed directly to (insert address of the TRADOC
school wh3-zh trains support maintenance personnel
for the end item). Recommended changes pertaining
to the remainder of this technical manual should
be mailed directly to (insert address of the
DARCOM commodity command which was responsible
for development of the end item). A reply will
be furnished direct to you."

- IREASON: Military personnel field-experienced in
the maintenance of a deployed item are best
qualified to evaluate the suitability of task
allocations in Maintenaice Allocation Charts
(MAC). The largest concentrations of such person-
nel readily available to perform Level of Repair
Analyses (LORA) are normally found at the TRADOC
school where support maintenance resident train-
ing is conducted. Routing DA Forms 2028 per-
taining to Maintenance Allocation Charts to these
TRADOC schools will enable these personiel to
take earliest advantage of the expressed recom-
mendations of other field-experienced personnel,
and thus maximize the effectiveness of their MAC
LORA prior to postprovisioning reviews (see Item
#1 on preceding DA Form 2028 pertaining to AR
700-18).

*Reference to line numbers within the paragraph or subparagraph.

TYPED NAME. GRADE OR TITLE TELEPHONE EXCHANGO/AUTOVON. SIGNATURE
PLUS EXTENSION

"P..... J. -19 .. .... , -

FORM~722 REPLACES DA FORM 202e, I DEC 55. 'WHICH WILL IS UED
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5. AR 750-21 DA% Equipment Maintenance Management Program.

6. Review and Analysis. Lexington, Kentucky:
Maintenance Management Center, 3D Quarter FY 1975.

7. BDM Services Company, Combined Arms Research and Analysis
Facility, Maintenance Support Concepts Effectiveness,
Cost and Cst-f icvenessMethodoogles, ith Co%•t
ad Operational Effectiveness Analls for Priory
Studies, Final Report, Vols I and 2,6 Jun 76.

8. US Army Training and Doctrine Command. ADOCP
11-8: Cost and Operational Effectiveness Hanrdbok
(Draft), 15 November 1974.

9. AR 700-18 Provisioning of US Army Equipment

10. LL Army Ordnance Center and School. Maintenance Standards
Study, ACN 22190. Aberdeen Proving Ground, MD. 1975

11. LS Arty Logistics Center. Wartime Repair Part Consumption
Plannin Guide Project, ACN 23300. Letter. Fort Lee,
4 June 1975.

12. AR 570-2 Organization and Equipment authorization Tables-
Personnel

13. Stratton, Willard F. et al., Evaluation of Maintenance
Support Optimization Models, Report. Chambersburg,
Pennsylvania: SAMC Maintenance Support Center,
April 1973.

14. Christianson, Conway J., et al. Develogint of a Methodology
for Improving Repair Parts Support to Army-Units. Report
on GAC Study 53401. McLean, Virginia: General Research
Corporation; November 1974.
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ADDITIONAL REFERENCES

Arm Regulations

11-14 Logistics Readiness

71-6 Tyre Classification/Reclassification of Army
Materiel

220-1 Un~it Readiness Reporting

310-3 Military Publications, Coordination and Approval
of the Army Publications

310-25 Dictionary of United States Army Terms

611-101 Manual of Commissioned Officer Military
Occupation Specialties

611-112 Manual of Warrant Officer Military Occupational
Specialties

611-201 Enlisted Career Management Fields and Military
Occupational Special ties

700-4 Supply and Maintenance Technical Assistance
Program

700-18 Provisioning of US Army Equipment

700-82 Joint Regulations Governing the Use and
Application of Uniform Sourcee Maintenance, and
Recoverability Codes

750-4 The Army Materiel Plan - Part II Depot Materiel
Maintenance and Support Activity

750-37 Sample Data Collection - The Army Maintenance
Management System

750-43 Test, Measurement, and Diagnostic Equipment

750-51 Maintenance Assistance and Instruction Team
(MWlT) Program

750-52 Equipment Operationally Ready Standards
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Army Circulars

700-24 Supply and Maintenance Procedures for Direct
Exchange

ArMy P~asphlets-

5-2 Improvement Tools -or Soldier Managers

11-25 Life Cycle Management Model for Army Systems

350-23 Cammianders Maintenance Management Course

350-24 Maintenance Supervisor's Course

701-1,2,&3 The Army Logistics System Master Plan (LOGMAP)

750-13 Operating Guide for TEA Support Maintenance
Activities

750-19 Quality Management for Direct Support/General
Support Maintenance Operations

750-38 TAMMS - Equipment Historical Records and Selected
Maintenance Forms

Tables of Organization & Equipment

29-15H Maintenance Battalion, Infantry Division

29-16H Headquarters and Light Maintenance Company,
Maintenance Battalion, Infantry Division

29-17H Forward Support Company, Maintenance Battalion,
"Infantry Division

29-18H Heavy Maintenance Company, Maintenance Battalion,
Infantry Division

29-25H Maintenance Battalion, Infantry Division
(Mechanized)

29-26H Headquarters and Light Maintenance Company,
Maintenance Battalion, Infantry Division
(Mechanized)

29-27H Forward Support Company, Maintenance Battalion,
Infantry Division (Mechanized)
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29-28H Heavy Maintenance Company, Maintenance Battalion,

Infantry Division, (Mechanized)

29-35H Maintenance Battalion, Armored Division

29-36H Headquarters and Light Maintenance Company,
Maintenance Battalion, Armored Division

29-37H Forward Support Company, Maintenance Battalion,
Armored Division

29-38F Heavy Maintenance Company, Maintenance Battalion,
Armored Division

29-55H Maintenance Battalion, Airborne Division

29-56H Headquarters and Headquarters Detachment,
Maintenance Battalion, Airborne Division

29-57H Main Support Company, Maintenance Battalion,
Airborne Division

29-58H Forward Support Company, Maintenance Battalion,
Airborne Division

29-79H Maintenance Company, Support Battalion, Separate

Armored or Infantry (Mechanized) Brigade

29-85H Maintenance Battalion, Airmobile Division

29-8$H Headquarters and Main Support Campany, Maintenance
Battalion, Airmobile Division

29-8711 Forward Support Company, Maintenance Battalion,
Airmobile Division

29-99H Maintenance Company, Support Battalion, Separate

Infantry Brigade

29-105H Support Battalion, Separate Airborne Brigade

29-109H Maintenance Company, Support Battalion, Separate
Airborne Brigade

29-118H General Supply Company, General Support

29-134H Maintenance Company, Light Equipment, General
Support
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29-137H Maintenance Company, Heavy Equipment, General
Support

29-139H Service Company (Classification and Collection)

29-207H Maintenance Company, Forward, Direct Support

29-208H Maintenance Company, Fear, Direct Support

29-427G Maintenance Company (Direct Support)
(Communications Zone)

29-61OG Vechanical Direct Support/General Support
Maintenance Teams

29-620G Collection, Classification ard Property Disposal

29-630H Communications-Electronics Direct Support/General
Support Maintenance Teams

29-660G Canvas and Webbing Maintenance Teams

Field Manuals

9-59 Missile Support Unit Operations

* 29-2 Organizational Maintenance Management

29-20 Maintenance Management in Theaters of
Operations

29-23 Direct Support Maintenance Battalion
(Nondivisional)

29-24 General Support Maintenance Battalion

29-25 Direct Exchange, Shop Supply, and
Operations

29-27 Calibration Service in the Theater ot
Operations

29-30 Maintenance Battalion &Cunpany Operations

in Division and Separate Brigades

29-30-1 Division Maintenance Battalion

29-35 Maintenance Support in Separate Brigade
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29-36 Aircraft Maintenance Support
(Nondivisional)

38-1 Logistics Management

38-750 Logistics - Maintenance Management

54-1 The Logistical Command

54-2 The Division Support Command and
Separate Brigade Support Battalion

54-7 The Theater Army Support Command

54-9 Corps Support Command

100-10 Combat Service Support

101-10-1 Staff Officers' Field Manual

101-10-2 Staff Officers' Field Manual

Technical Manuals

3-1040-XXX-20 9-1240-XXX-35
3-4240-XXX-14 9-1290-XXX-12P
3-4240-XXX-20P 9-1290-XXX-35
5-2410-XXX-12 9-1430-XXX-12
5-2805-XXX-14 9-1440-XXX-12
5-3805-XXX-12 9-2300-XXX-20
5-3805-XXX-14 9-2320-XXX-20
"5-3805-XXX-20 9-2330-XXX-14
5-3810-XXX-12 9-2350-XXX-12
5-3810-XXX-15 9-2350-XXX-20
5-4310-XXX-15 9-2350-XXX-20-1
5-5420-XXX-20 9-2350-XXX-20-2
5-6115-XXX-14 9-2350-XXX-20/I
5-6665-XXX-13 9-2350-XXX-20/2
9-1005-XXX-20 9-6625-XXX-14-1
9-1005-XXX-24 9-6650-XXX-12
9-1005-XXX-25 10-3510-WXx-12
9-1015-XXX-12 10-7360-XXX-20
9-1015-XXX-20P 16-7400-XXX-10
9-1090-XXX-12 11-5805-XXX-15
9-1220-XXX-20/1 11-5815-xXX-12
9-. 1220-XXX-20/2 II-5815-XXX-14
9-1220-XXX-34 11-5820-XXX-12
9-1220-XXX-34/1/l 11-5840-XXX-12
9-1240-xXX-12 41-5840-MXX-20
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9-1240-XXX-34 11-5895-XXX-14
11-6625-2455-15

9-500 Data Sheets for Ordnance Type Materiel
10-600 Cffice Machine Maintenance Shop
38-703-3 Maintenance Engineering Analysis Data System
38-750 The Army Maintenance Management System (TAMMS)
38-750-1 The Army Maintenance Management System (TAMMS)

Field Cuommand Procedures

Technical Bulletins Concerning Maintenance Exnditure Limits

TB 43-0002-70 IS 43-0002-71
TB 43-0002-72 TB 43-0002-73
TB 750-99-Misc GPS/I TB 750-99-Misc GPS/2
TB 750-99-69

USAOC&S Special Text

9-159 Handbook of Army Materiel

USAQMS Student Workbooks

268.W2 IBM Electric Typewriter (MODEL D) Office Machine Repair

284.W1 Maintenance and Repair of the Victor Adding Machine
Model 71

Studies, Reports,Theses, Articles

1. American Power Jet Company. Maintenance Turnaround Time. New
York: American Power Jet Company, January 1968.

2. Anderson, Paul E., "Maintenance Support Positive," At!y
L •istician, Vol. 2, No. 2, (March - April 1970).

3. Bell, Raymond, et rd. Vehicle Aver e Useful Life Study for
Truck, Cargo. 2 i/2 tn, U6i, M5A2, Technical Memorandum
No. 164. Aberdeen Proving Ground, Maryland: US Army
Materiel System Analysis Agency, October 1973.

4. Campbell, Robert D., et al. Concept of a Logistics System.
Washington: The George Wa n"ton unf-i-s-ty,
June 1956.

5. Cole, Hugh M., et al. A Preliminary Study of Approaches to J
the Problem of Combat" Suort Patios Within theAry
Force Structure. MicLean, Virginia. Research Analysis
Corporation, May 1962.
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6. Ferrara, Thomas F., et al. A Synthesis of the US ArmMorItem Managment Sst. -McLean, V-irgini- Reerch7 I_
Analysis Corporat on, November 1972.

7. Fuson, Jack C., Maintenance Suqort Positive (MS+) - A
Concept of Maintenance for the Seventies, Paper.
Arlington, Virginia: Office of Naval Research, US
Department of the Navy, June 1970.

8. Gates, Qu iten L., Department of the Army Organization and
Procedures for The Development of Materiel, Force
Structure and Doctrine. Carlisle Barracks, Pennsylvania:
US Army War College, April 1966.

9. General Research Corporation. Models of the US Army
Worldwide Logistic System .MAWfGS), Vol. I, Report
OAD-CR-41. McLean, Virginia: General Research
Corporation, June 1974.

10. Gramann, Richard H., Combat Service Supprt Planning Analysis:
A Progranmin• Model. McLean, Virginia: Research Analysis
Corporation, Cctober 1970.

11. Heiser, Joseph M., Jr., Vietnam Studies: Listic Suport
(Draft_. Washington:. US Government Printing Office,1973.

12. Henry, Charles W., Jr., and Sharberg, Garry A., An Analy'sis
of Maintenance Support Planning for Selected United_States ArmyCombat Vehicles, Thesis SLSR-41-69,
Wright-Patterson Air Force Base, Ohio: US Air Force
Institute of Technology. August 1969.

13. Huston, James A., The Sinews of War: Army 1o2ist4cs
1775-1953. Washington: Office of the Chief of Military

is-tory, Department of the Army, 1966.

14. Logistics Management Institute. Alternatives to Present
Methods for Selection of Items and Stockage Rei rements
C Cu~ta~tlons, ThSK 72-11. Washington: Logistics
Management Institute, August 1972.

15. Mayo, Lida. The Ordnance Departnnt: On Beachhead and
Battlefront. Washington: Ofl1-oe-of Chief of Military
History, Department of the Army, 1968.

16. Millet, John D. The Organization and Role of the Army
Service Forces. Washington: Office o' the Chief of
Militaiy HitiEry, Department of the Army, 1954.
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17. Norris, Charles R. Develo~nt of Professional Miltarl
Maintenance Managers in the US • Washington:
Industrial College of the A Forces, February 1969.

18. Parker, Richard W., Jr., et al. Capability, Desi.n
Specification - Initial Model of the US Army Worldwide
Logistic System. McLean, Virgiia: Research Analysis
Corporation, July 1971.

19. Paulson, Robert M., and Tierney, Thomas T. Logistics and
Technology. Some Thoughts Abo -, Future Military

cations. Virgiia. March 1971.

20. Powrs, Marvin. "A Concept of Maintenance,: Army
Loqistician, Vol. 4, No. 1 (January - February 1972).

21. Proceeding of the Forum on Storage Effects on Euýi _ , ed.
Luis Alvarez and David H. Gilbert. Aberdeen Provirg
Ground, Maryland: US Army Materiel Systems kialysis
Agency, March 1973.

22. Research Analysis Corporation. A Methodology for Optimal
Plannin Over Time, Vol I. Report RA-T-W-445. McLean,
Virginia: Research Analysis Corporation, January 1972.

23. Runion, Roger C. An Examination of the US Army and Soviet
Ground Forces Maintenance Systems. Carlisle Barracks,
Pennsylvania: US Army War College, March 1972.

"24. US Army Audit Agency. Report of Audit, Fort Carson and 4th
Infantry Division (Mechanized)-Audit Repo--: WE 72-42.

.. Redwood City, California: Wstern District, US Army Audit
Agency, May 1972.

25. US Army Combat Developnents Command. Doctrinal Guidance
P.am•let, Combat Battalion Maintenance Operations.
A--rdeen Proving Ground, Maryland: US Army Combat
Developments Command Maintenance Agency, May 1967.

26. . Maintenance Organizational Structures for
Support of the Ar in the Field(Drift), AN 16172, Vol I
and II. Aberdeen Proving Ground, Maryland: US Army

A Combat Developments Command Maintenance Agency, November
1971.
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27. Echelons Above Divisions (EAD), AN 16863,
.ecember 1971.

28. US Army Missile an d&Mnitions Center Team, Missile and
Munitions Evaluation (MAME-71), Redstone Arsenal,
A : US Army Missile and Munitions Center and School,
November 1971.

29. LS Continental Army Cciuiiand. Conventional Materiel
Maintenance Train iqStudy, Vol I and II. Aberdeen
Proving Ground, Maryland: US Army Ordnance Center and
School, August 1963.

30. Standard Ar Maintenance Ystem S) (Draft),
3. General Functional System Requirement, Vol IV Fort
Monroe, Virginia: US Continental Army Command, April
1973.

31. LB Department of the Army. A Concept for a Family of Army
Divisions (CONFAD), ACN 18760. Fort leavenworth, Kansas:
Combined Arms Combat Developments Activity, April 1973.

32. . Ar, Aircraft Maintenance Structure Study. New
Cumberl a %n TanIa:L Army Logistics Evauation
Agency, October 1973.

33. . Army Maintenance System Si' olification. Fort
Knox, Kentucky: US Army Armor Schoi, August 1972.

34. .Army Retail Materiel Management Models Stud.
New gCiuabenli, Pennsylvani us Amy Logistics Doctrine,
Systems and Readiness Agency, May 1973.

35. . Automated Maintenance Factor Determination Draft
35. ix g--•o B t M 18-703--3.- dZ rsburg, Pennsylvania:
USAMC Maintenance Support Center, June 1972.

36. ._Board of Iniry on the Army Logistic stem,
Report, V51. I, VI and Annexes A, B, Cand Dto Vol. VI.
Wasfhgton: UB Government Printing Office, March 1967.

37. CONUS Logistics. Fort Leavenworth, Kansas:
US Army CoW andai General Staff College, July 1970.

38. US Department of the Army. Development andImplementation
Digest, The Army Logistics System Master Plans, Pamphlet71--1-3. Washington: US Government Printing Office, July
1974.
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39. _Direct Support S stem Performance Evaluation.
Presii• o of an Francisc, Cal-KForn-- US Army Logistic
Control Agency, July 1975.

40. . Evaluation Report of the Maintenance Assistance
and Instruction Team (MAIT) Pro ram. New Cumiberland,
Pennsylvania: US Army'Logistcs Doctrine, Systems arid
Readiness Agency, March 1973.

41. . Field Evaluation Maintenance Allocation Charts
DeveloMy Under the MS+ Concept. Fort Carson, Colorado:
4th Infantry Division (Mechanized), June 1974.

42. . General Support Maintenance Requirements. Fort
Hood, Texas: January 1974.

43. . Integrated Loistics Support Planning Guide for
DOD Systems a . Washington: US Government
Printing Office, October 1968.

44. . Logistical Evaluation of Combat Vehicles, Study
17-66. Warren, Michigan: US Army Tank-Automotive
Command, 1968.

45. Logistic Sprort in the Vietnam Era, Vol. I, II,
and III. Washington: US Government Printing Office,
December 1970.

46. . Maintenance - 75, (Draft). Aberdeen Proving
Ground, Maryland: US Army Logistics Center, June 1969.

j 47. __ . Maintenance Manpower equirements. Fort Lee,
Virginia: tU; Army Logistics Center, April 1964.

48. . Maintenance of SuweiesnandEcia .nt Objective

Determination of Maintenance Factors.
Washington: US Army Materiel Comind, May 1971.

49. US Department of the Army. Maintenance Support Positive Plan
•_+), Circular 750-38. Washington: dE Government

P•rinting Office, November 1971.

50. Mission Essential Equipment Readiness Reporting
(Daf). New Cumberland, Pennsylvania: US Army Logistics
Doctrine, Systems and Readiness Agency, August 1972.

51. Pre Engineered Logistic and Administrative
Structu5es (PLAST), X 18178, Report. Fort Be'vo-i-,

V Virginia. US Army Engineer School, August 1973.
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52. .Rapid Inte rat.ed oistics Sui•/oýrt Systt_emRIL),

Report and Appendixes A-J. Fort Lee, Virginia: USACDC
Personnel and Logistics Systems Group, October 1972.

53. . Standard Expanded Direct ExchangeX_), General
System Descriptioh. NwMbrlanfPennsylvania: us
Army Logistics Doctrine, Systems and Readiness Agency,
Novftiiber 1971.

54. Walsh, Leo J. Total Refinement and Integration of Mainte-
nance Management-SystemsMTI ). Chanbersburg,
Pennsylvania: US Army Materiel Command Logistics Systems
Support Agency, December 1968.

55. Wennergren, V. James. Develonnt of Division Loqistics
System Direct Exchar•_u Procedures. New Cumberlanid,
Pennsylvania US Army-- isEtics-Evaluation Agency,
October 1970.
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APPENDIX L

GLOSSARY

TERMS

Assembiy-A group of two or more physically connected or related

parts which is capable of disassembly (carburetor, powerpack,

IF circuit, amplifier).

Connodity groups-A grouping or range of items which possess

similar characteristics, have similar applications, or are

susceptible to similar logistic management methods.

Component-An assembly or any combination of parts, subassemblies

and assembl".es mounted together in manufacture, assembly,

maintenarce or rebuild.

End item-A final combination of end products, component parts

and/or materials which is ready for its intended use, e.g.,

ship, tank, rnbile machine shop, aircraft.

Maintenance allocation--The assignment of a specific maintenance

task for accomplishment at the lowest category of maintenance

where the capability to perform that task exists in terms of

availability of time, tools, test and support equipment,

skills, and employment of the end item.

Maintenance Allocation Chart (MAC)-A chart listing maintenance

operations applicable to an end item with an indication of the

lowest level or echelon of maii tenance to which each operation

is allocated. This chart will normally cover the end item and

any accessories issued with it.
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Mair ance capability-Consists of those resources (namely,

facilities, tools, test equipment, drawings, technical

publications, trained maintenance personnel, engineering

support, and an insured availability of spare parts) required

to modify, retain materiel in,, or restore materiel to,

serviceable condition.

Maintenance Category-A designation within a system of maintenance

of material which is based on the extent of capabilities,

facilities and skills required for the operation. Categories

of maintenance are organizational maintenance, direct support

maintenance, general support maintenance, and depot

maintenance.

Maintenance Concept-A maintenance support structure that

specifies which, if not all, of the four maintenance

categories will be utilized in the maintenance support of a

particular end item or commodity grouping of materiel.

Maintenance Operations-That activity of materiel maintenance which

accaoplishes the physical performance of those actions and

tasks involved in the servicing, repairing, testing, overhaul,

modification, calibration, modernization, conversion,

inspection, etc., of materiel in the operational inventory.

Maintenance operations are normally carried out at several

categories, i.e., organizational maintenance, direct support

maintenance, general support maintenance, and depot

maintenance.
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Maintenance-significant item/materiel-An end item, assemblage,

canponent, or system proposed or intended for issue to the

Army in the field, the maintenance support concept for which

envisions the performance of corrective maintenance services

on a recurring basis.

Maintenance task-Any action or actions required to preclude the

occurrence of a malfunction or to restore an equipment to

satisfactory operating condition.

Materiel--Consists of all tangible items (including ships, tanks,

self-propelled weapons, aircraft, etc., and related spares,

repair parts, and support Equipment) necessary to equip,

operate, maintain, and support military activities without

distinction as to its application for administrative or combat

purposes.

Materiel maintenance-The function of sustaining materiel in an

operational status; restoring it to a serviceable condition;

or updating and upgrading its functional utility through

modification.

Mean-Tim• Between Failures (MTBF)--For a particular interval, the

total measured functioning time of a population of materiel,

divided by '-he total number of failures within the population

during the measured period.

Mean-Time to Repair (TIR) -The statistical mean of the distri-

bution of times to repair. The suamation of active repair
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times during a given period of time, divided by the total

number of malfunctions during the same time interval.

Mission-essential materiel-That materiel authorized and assigned

to approved combat and combiat support forces which would be

Lmediately employed to: destroy the enemy or his capacity to

continue war; provide battlefield protection of personnel;

communicate under war conditions; detect, locate, or maintain

surveillance over the enemy and permit continuous combat

transportation and support of men and materiel.

Module-An assembly or component (e.g., electrical/mechanical or

functional entity; i.e., tire) which is designed to be handled

as a single unit to facilitate maintenance and/or supply

actions.

Operational availability rate-The percentage, of a population

of end items, which is operable and in the hands of using

operators/crews.

Repair-To restore an item to serviceable condition through

correction of a specific failure or unserviceable condition.

Source, Maintenance, Recoverability Codes-

Codes asaigned to each repair arn other suprort item by

maintenance engineering personnel:

Source-The source or means by which the repair part or other

support item will be obtained by material maintenance

activities.
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Maintenance-The lowest category of maintenance authorized to

T use the item or remove, replace, and check out a repair part;

and/or the lowest category with the capability for complete

repair of the item.

Recoverability-Guidance for the disposition of unserviceable

or excess repair parts and other support items.
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